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I  HE  outlines  of  this  Eflay  were  pub- 
lifhed,  about  two  years  iince,  in  the  Latin 
language ;  and  feveral  of  the  moil  eminent 
profefiional  men  honoured  them  with  par¬ 
ticular  attention.  A  reception  fo  flattering 
from  intelligent  criticifm  gave  me  an  un¬ 
expected  importance,,  and  encouraged  me 
to  continue  my  labours  with  the  hope  of 
prefenting  them  to  the  publick  in  a  more 
perfect  form. 

In  the  courfe  of  thefe  labours  many  dif¬ 
ficulties  have  arifen,  and  much  exertion  has 
been  employed ;  and  fuccefs  has  often  fa¬ 
voured  me :  feme  queftions  however  are 

A  4  Hill 


via 


INTRODUCTION. 


ftill  left  undetermined,  and  fome  fads  un¬ 
explained  ;  but  about  thefe  I  am  lefs  anxi¬ 
ous,  as  they  are  not  immediately  connected 
with  the  principal  objed  of  this  Inquiry : 
and,  although  fome  fmall  obfcurities  may 
ftill  remain,  feveral  fads  are  afcertained, 
which  will,  I  truft,  be  of  confiderable  life 
both  in  Philofophy  and  Phyfick. 

The  refpiration  of  animals  has  long  been 
a  difficult  problem  in  Phyiiology,  and  no 
fatisfadory  folution  could  be  given  of  it, 
whilft  Chymiftry  continued  in  an  unculti¬ 
vated  ftate :  the  general  fads  were  indeed 
attended  to,  and  conjedures  propofed  to 
explain  them  {a)  j  but  as  long  as  conjedure 

only 


(a)  Sir  Ifaac  Newton  imagined  that  the  atino- 
fpheric  air  might  communicate  an  acid  vapour  to 
the  blood  in  the  lungs,  which  was  neceflary  to  keep 
up  the  action  of  the  heart.  Optics,  p.  355. 
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only  was  ufed,  doubt  and  uncertainty  re¬ 
mained, 

y 

Within  thefe  few  years  the  knowledge  of 
chymiftry  has  been  much  improved,  and 
experiments  have  been  applied  to  refpira- 
tion  with  confiderable  effect ;  new  fads 
have  been  difcovered,  extraordinary  phe¬ 
nomena  explained,  and  confiderable  obfcu- 
rities  removed  ;  but  fome  difficulties  ftill 
remained  to  tempt  the  hopes  of  future  la¬ 
bourers.  In  the  courfe  of  this  Inquiry  I 
have  carefully  examined  the  fads  defcribed 
by  others,  and  militated  a  variety  of  new 
experiments,  which  feern  to  have  afcer- 
tained  a  principal  ufe  of  refpiration,  its 
connexion  with  the  motion  of  the  heart 
and  the  other  functions  of  the  body. 

The  life  of  animals  has  alfo  been  a  fab- 
jed  of  attention  at  different  times  :  for 

until 
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until  we  are  acquainted  with  fome  of  its 
eflential  qualities,  we  cannot  expedt  to  di- 
Itinguilh  it  from  death.  The  ancient  phy- 
ficians  feern  to  have  been  aware  of  this; 
but  they  did  not  labour  to  fupply  the 
defedt. 

• 

About  the  middle  of  this  century  two 
writers  of  diftinguiihed  character  entered 
upon  the  inquiry  (a),  and  purfued  it  with  ' 
great  ardour  and  enthufiafm  for  a  confide- 
rable  length  of  time :  in  this  purfuit  they 
difplayed  much  learning  and  ingenuity,  and 
collected  many  valuable  fadts  from  the 
writings  of  others ;  but  ftill  their  conclu- 
lions  were  unfatisfadtory,  and  their  opinions 
are  now  fallen  into  negledt.  This  indeed 
will  not  be  wondered  at  by  fuch  as  have 
examined  their  works  j  for  it  is  generally 

obferved 


(a)  Whytt  and  Haller* 
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obferved  of  them,  that  they  often  blend 
hypothefis  with  fadt,  and  fometimes  grafp 
at  more  than  the  mind  can  attain. 

After  this  time  the  ftudy  of  life  was 
generally  negledted  :  however,  feme  profef- 
fional  men  attempted  to  fearch  for  the 
diftindtion  between  life  and  death  in  the 
fenfible  qualities  of  the  body.  Obfervations 
were  collected,  and  feveral  marks  propofed 
to  the  world  to  determine  this  diftindtion  [a) : 
but  fubfequent  obfervation  has  fhown  them 
to  be  infufficient ;  and,  after  much  refearch 
and  altercation,  it  is  now  generally  allowed, 
that  we  have  hitherto  no  other  means  to 

determine 


(a)  Lettres  fur  la  Certitude  des  Signes  de  la  Mort, 
par  Monf.  Louis. 

DilTertatio  an  Mortis  incerta  iigna  minus  a  chi- 
rurgicis  quam  ab  aliis  experimentis.  "Winslow. 
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determine  on  abfolute  death,  but  the  pre¬ 
fence  of  putrefadtion (a). 

To  avoid  the  fources  of  thefe  failures, 
X  have  endeavoured  to  conlider  the  fubjedt 
in  a  different  manner  (<£),  taking  the  living 
body  when  all  the  accidental  figns  of  life 
are  removed,  applying  to  it  thofe  external 
powers  which  really  do  reftore  them,  then 
attending  to  the  place  and  circumftances  of 
their  frit  operation,  and  the  immediate  ef¬ 
fect  they  produce :  thus  X  was  led  to  the 
eifential  quality  of  life,  and  confequently 
to  the  means  of  diftinguifhing  it  from 
death  itfelf. 

This 

f  1—  — ' . '  -  — — —  ■  "  '  ' 


(a)  DifTertation  fur  [’Incertitude  des  Signes  de  la 
Mort,  par  Monf.  Bruhier. 

( 'b )  Dififertatio  Inauguralis  de  Vita  Corporis  hu- 
mani.  Audtore  J.  T.  Yander  Kemp. 
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This  diftindtion  will  be  the  more  valu¬ 
able,  as  it  applies  to  every  fimilar  Rate  of 
the  body,  whatever  may  have  been  the  ori¬ 
ginal  difeafe  ;  and  if  it  be  properly  attended 
to,  we  may  always  determine  with  certainty, 
whether  a  perfon  be  really  alive  or  dead ; 
and  the  bodies  of  our  friends  may  now  be 
configned  to  the  grave,  before  they  become 
noxious  to  others. 

But  the  benefits  of  this  Inquiry  have 

« 

extended  ftill  further. 

From  the  refult  of  the  whole,  I  have 
been  enabled  to  determine  the  nature  of  the 
difeafe  that  takes  place  from  drowning, 
hanging,  and  breathing  feveral  noxious  airs  ; 
to  give  it  a  defcriptive  name,  and  its  proper 
place  in  the  fyilems  of  nofology;  and  to 
point  out  the  moft  effectual  means  of  cure. 
Many  remedies  are  recommended  for  this 
purpofe  in  the  diredtions  of  publick  Socie¬ 
ties 
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ties  of  different  countries,  and  all  of  them 
are  faid  to  have  been  employed  with  fuc- 
cefs ;  and  iince  the  alfertion  is  favoured  by 
fome  of  the  moft  refpedtable  authors,  both 
ancient  and  modern,  no  one  can  deny  it 
without  incurring  the  charge  of  preemp¬ 
tion  :  but  if  it  fhould  appear  here,  that 
animals  may  be  recovered  from  the  difeafe 
with  equal  eafe,  without  the  concurring 
operation  of  a  great  many  of  them,  a  re¬ 
gard  to  truth,  as  well  as  publick  utility, 
ought  to  determine  our  choice.  Befides, 
when  it  is  remembered  that  a  prepoffeffion 
in  favour  of  thefe  remedies  may  occafion  a 
confiderable  lofs  of  time,  and  that  a  lofs  of 
time  in  this  difeafe  is  often  a  lofs  of  life, 
the  intereft  of  humanity  fhould  rife  above 
general  prejudice,  and  refpeft  for  authority 
give  way  to  deliberate  inveftigation. 

In  the  whole  of  this  Inquiry,  I  have 
endeavoured  to  adhere  clofely  to  the  method 

of 
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of  Analyjis ,  beginning  with  effects,  and 
afcending  to  their  particular  caufes,  and 
from  particular  caufes  to  more  general  ones, 
with  the  affiftance  of  Analogy  and  Induction, 
until  I  could  proceed  no  farther.  Then  I 
affumed  the  laft  conclufion  as  a  general 
principle  to  explain  the  production  of  all 
the  effedts  in  a  defcending  feries  to  the  firft 
phenomena,  where  the  analylis  began ;  in 
this  manner  adding  the  Synthejis ,  and  thus 
giving  .to  the  refult  all  the  evidence  which 
the  nature  of  the  fubject  would  admit. 

To  avoid  the  danger  of  being  milled  by 
the  colouring  of  fancy  or  inaccurate  obfer- 
vation,  the  experiments  were  repeated  feve- 
ral  times  with  great  care  and  attention,  and 
always  in  the  prefence  of  fome  judicious 
friends :  but  as  the  teftimony  of  the  fenfes 
is  not  always  fufficient,  and  the  moft  care¬ 
ful  inquirer  may  fometimes  err,  I  neither 

expedl. 
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expedl,  nor  even  wifh  the  conclufions  fhould 
be  adopted*  until  the  experiments  lhall  have 
been  repeated  by  others ;  and  if  it  be  after¬ 
ward  proved*  that  I  have  been  miftaken  in 
any  part  of  them,  I  fhall  readily  retradt  the 
affertion,  and  acknowledge  the  error  :  for 
the  intereft  of  truth  and  the  welfare  of 
mankind  are  of  more  value  than  the  repu¬ 
tation  of  an  individual  ;  and,  as  M.  Bonnet 
properly  fays,  “  Vn  j!  a  i  tort  vaut  mieuK 
que  cent  repliques  ingtnieufes  ” 


London', 
tMay  6,  1788. 

J  A  L 
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SECTION  I. 


To  ascertain  the  general  Effects  of  Submerjion 

on  living  Animals . 

In  the  courfe  of  this  inquiry*  we  propofe 
to  afcertain  the  general  effedts  of  fubmerlion 
on  living  animals,  and  to  trace  their  con¬ 
nexion  with  the  adtion  of  the  water  on  the 
°  / 

The  firft  of  thefe  objedts  may  be  obtained 
by  attending  to  the  different  changes  that 
take  place  in  living  animals  while  they  are 
immerfed  in  water,  and  examining  the  ap¬ 
pearances  of  the  internal  parts  when  the 
body  is  taken  out ;  and  the  fecond,  by 
obfe  rvmg  the  manner  in  which  the  water 

B 


is 


[  2  ] 

is  applied  to  the  body  in  fubmerfion,  and 
tracing  its  particular  operation  in  producing 
thefe  changes. 

For  the  firft  purpofe,  I  procured  a  large 
tranfparent  glafs  bell,  that  would  allow  me 
to  diftinguifh  accurately  the  circumftances 
that  took  place  within  it ;  and  when  it  was 
inverted,  and  filled  with  water,  I  put  into 
it,  at  different  times,  feveral  cats,  dogs, 
rabbits,  and  other  fmaller  animals,  and 
confined  them  there  till  they  had  the  ap¬ 
pearance  of  being  dead.  As  foon  as  they 
were  put  under  the  bell,  I  attended  to  the 
changes  that  took  place  in  the  body  •  and 
when  they  had  loft  the  external  figns  of 
life,  I  opened  the  head,  the  breaft,  and 
belly,  and  examined  the  internal  parts. 

Whilft  I  was  engaged  in  this  bufinefs, 
the  bodies  of  three  unfortunate  perfons, 

who 
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-  '  /  *  / 

who  had  been  drowned,  were  brought  to 

me,  at  different  times,  with  permiffion  to 
Infpedt  the  internal  parts  :  thefe  I  examined 
with  great  care  and  attention,  and  com¬ 
pared  the  appearances  with  what  I  had  feen 
In  the  other  animals* 

In  thefe  different  experiments,  I  obferved 
fome  variations  in  the  external  morbid 
fymptoms,  and  in  the  appearance  of  the 
Internal  parts  ;  but  the  order  and  fucceffion 
of  the  fymptoms,  and  the  condition  of  the 
organs  immediately  connected  with  life, 

agreed  uniformly  with  the  following  de~ 

/ 

fcription* 

When  an  animal  is  immerfed  in  water, 
his  pulfe  becomes  weak  and  frequent ;  he 
feels  an  anxiety  about  his  bread:,  and  ftrug- 
gles  to  relieve  it :  in  thefe  ftruggles  he  rifes 
towards  the  furface  of  the  water,  and  throws 

B  2  cut 
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out  a  quantity  of  air  from  his  lungs.  After 
this,  his  anxiety  increafes  ;  his  pulfe  becomes 
weaker;  the  ftruggles  are  renewed  with 
more  violence  ;  he  riles  towards  the  furface 
again,  throws  out  more  air  from  his  lungs, 
and  makes  feveral  efforts  to  infpire ;  and  in 
feme  of  thefe  efforts  a  quantity  of  water 
commonly  paffes  into  his  mouth.  His  fkin 
then  becomes  blue,  particularly  about  the 
face  and  lips ;  his  pulfe  gradually  ceafes ; 
the  fphindters  are  relaxed ;  he  falls  down 

without  fenfation,  and  without  motion. 

#  ' 

If  the  body  be  immediately  opened,  it 
has  thefe  appearances : 

i°,  The  external  furface  of  the  brain  is 
of  a  darker  colour  than  ufual ;  but  the  vef- 
fels  are  not  turgid  with  blood,  nor  are  there 
any  marks  of  extra vafation  about  them. 


2°,  The 


2°,  The  cavity  of  the  lungs  contains  a 
confiderable  quantity  of  frothy  fluid  •  and 
the  pulmonary  arteries  and  veins  are  filled 
with  black  blood  throughout  their  whole 

extent. 

30,  The  right  auricle  and  ventricle  of 
the  heart  are  fall  contracting  and  dilating; 

i' 

the  left  finus  venofus  and  auricle  move 

feebly ;  but  the  left  ventricle  is  at  reft. 

% 

4°,  The  right  auricle  and. ventricle  are 
filled  with  black  blood*  and  the  left  finus 
venofus  and  left  auricle  alfo ;  but  the  left 
ventricle  is  only  about  half  filled  with  the 
fame-coloured  blood. 

5°,  The  trunks  and  fmaller  branches  of 
the  arteries  proceeding  from  the  left  ven¬ 
tricle*  contain  a  quantity  of  this  black 
blood  alfo. 


V  '  .  ■ 
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i 

In  the  early  ftate  of  medical  knowledge, 
and  before  anatomy  was  much  cultivated, 
it  was  generally  fuppofed,  by  different 
writers,  that  the  water  produced  thefe  ef¬ 
fects  on  animals  by  rufhing  into  all  the 
cavities  of  the  body,  and  rupturing  fome 
of  the  organs  immediately  connedted  with 
life(tf).  But  fince  the  ftrudlure  of  the 
body  has  been  more  accurately  examined, 
and  the  ufe  and  connexion  of  the  different 
functions  better  understood,  it  appears  evi¬ 
dent  that  thefe  changes  are  to  be  attributed 
entirely  to  the  effects  which  the  water  pro¬ 
duces  on  the  lungs  ;  either  direaly ,  by  en¬ 
tering  into  their  cavity;  or  indirectly ,  by 

preventing 

iFs?*  Manage  wawMBsaggatw* 


(<.?)  Galen.  Lib.  III.  Comment.  40.— Argineta, 
Lib.  HI.  p.  m.  97. — AEtius,  Art.  Princip.  p.  404. — 
Alexand.  Bened.  Cap.  III. — Codrongus  de  Subrner- 
fis,  p.  m.  32?,. — -Senertus  in  Praxi,  Lib.  II.  p.  350, 
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preventing  the  entrance  of  the  air  of  the 
atmofphere. 

i 

Several  authors  have  endeavoured  to  dis¬ 
cover  by  which  of  thefe  means  the  water 
operates ;  and,  after  conliderable  labour  and 
attention,  they  were  greatly  divided  in  their 
opinions :  fome  contended  for  the  former  (a)9 
and  others  for  the  latter  ($)«  The  conclu- 
lions,  however,  of  both  parties  were  gene¬ 
rally  drawn  either  from  cafual  obfervation, 
or  from  inefficient  and  undigefted  experi- 

B  4  ments; 


(<7)  Plainer.  Cent,  Qugeil.  Paradox,  p.35. — Louis , 
Memoires  fur  les  Noyes,  IPc.  &c, — De  Haen,  Ratio 
Medencli  continuata,  tom.  1,  IPc. 

'(b)  Littreus.  and  Senac. — Hiftoire  de  l’Academie 
Royale  des  Sciences,  anno  1719. — Haller ,  PrselecU 
Boerhaav.  tom.  2.  p.  219. — W inflow ^  Experimenta 
Bruherii. — Kaaw Boerhaav ey  Impetum  faciens,  p.  228, 
&c.  &c. 


merits  ;  in  confequence  of  which  neither  of 
the  opinions  has  been  eftablifhed  by  its 
partizans ;  and  it  ftill  remains  a  queftion  in 
phyfiology,  which  we  fhall  next  attempt 
to  decide  by  experiment. 
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SECTION  II. 

To  determine  whether  the  IV at er  produces 
thefe  Changes  diredbly,  by  entering  into 
the  Cavity  of  the  Lungs ;  or  indiredtly, 
by  excluding  the  atmofpheric  Air . 

If  the  water  enter  into  the  lungs  in 
drowning,  we  may  naturally  expedfc  to  find 
it  there  afterwards,  when  the  body  is  opened : 
but  if  the  body  be  opened  after  the  ob- 
ftrudtion  of  refpiration  from  any  other 
caufe,  there  is  often  a  frothy  fluid  in  the 
cavity  of  the  lungs,  refembling  a  mixture 
of  air  and  water,  which  might  miflead  the 
inquirer. 

In  confequence  of  this,  it  has  been  fug- 
gefted  to  add  fome  colouring  fubftance  to 

the 
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the  water  employed  in  experiments  of  this 
kind*  that,  if  it  fhould  enter  into  the  lungs 
in  the  procefs  of  drowning,  the  peculiarity 
of  colour  might  ferve  to  diftinguifh  it  from 
this  frothy  fluid:  but  if  the  coloured  fluid 
flhould  enter  into  the  lungs  in  a  fmall  quan¬ 
tity  only,  the  colouring  matter  may  be  fo 
much  diluted  by  the  pulmonary  mucus,  as 
to  lofe  in  a  great  meafure  its  diftinguifhing 

character.  On  this  account,  it  will  be 

# 

better  to  employ  the  deepeft  colours  in 
thefe  experiments,  fuch  as  very  black  ink2 
ftrong  folutions  of  blue  vitriol,  &c. 

Experiment  L 

I  filled  my  glafs  bell  with  ink,  and 
immerfed  a  dog  in  it.  As  foon  as  his 
ftruggles  ceafed,  he  was  taken  out,  and 
examined,  A  fmall  quantity  of  frothy 
fluid  was  found  in  the  lungs,  and  it  was 
coloured  with  ink. 


The 
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The  fame  experiment  was  made  on  three 
other  dogs ;  and  the  fluid  found  in  the 
lungs  of  each  of  them  was  coloured  with 
ink.  It  was  alfo  repeated  on  three  cats* 
and  with  the  fame  general  refult. 

From  thefe  experiments  it  appears,  that 
feme  of  the  ink  palled  into  the  lungs  of 
thefe  animals ;  and  we  may  infer  from  it, 
that  a  quantity  of  water  commonly  pafles 
into  the  lungs  of  animals  that  are  drowned  : 
but  it  may  be  frill  fufpedted,  that  this  water 
enters  into  the  lungs  by  its  own  gravity, 
after  the  ftruggies  of  the  animals  have 
ceafed;  and  therefore  that  the  prefence  of 
water  in  the  lungs  cannot  have  occafioned 
the  fymptoms  which  preceded. 

This  queflion  may  be  decided  by  putting 
the  bodies  of  animals  into  a  ftate  fimilar  to 
that  which  arifes  from  fubmerfion ;  and. 


after 
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after  the  ftruggles  have  ceafed,  by  plunging 
them  into  a  coloured  fluid  :  for  if  the  fluid 
enters  into  the  lungs  in  this  ftate,  it  may 
be  inferred,  that  the  ink  alfo  entered  into 
them  by  its  own  gravity,  after  the  efforts 

to  infpire  ceafed, 

% 

Experiment  IL 

1  palled  a  ligature  round  the  trachea  of  a 
doe*  and  ftrangled  him.  As  foon  as  he 
ceafed  to  move,  I  plunged  the  body  into  a 
quantity  of  ink,  and  confined  it  there  for 
fevcra!  minutes.  On  examining  the  lungs 
afterwards,  1  found  no  ink  in  them. 

This  experiment  was  repeated  on  two 
other  dogs,  and  with  the  fame  refult. 

Here  we  find,  that  the  ink  does  not 
enter  into  the  lungs  by  its  own  gravity, 

after 


after  the  efforts  to  infpire  ceafe*  It  muft 
therefore  have  entered  into  the  lungs  of  the 
animals  of  the  fir  ft  experiment  during  the 
efforts  to  infpire  a 

But  if  the  ink  entered  into  the  lungs  of 

thefe  animals  during  the  efforts  to  infpire, 
was  it  not  fufiicient  to  produce  the  changes 

that  took  place  in  the  body  in  confequence 
of  fubmerlion  ? 

To  determine  this  queftion,  we  muft 
afcertain  the  quantity  of  water  that  paffes 
into  the  lungs  during  fubmerlion,  and  the 
changes  that  are  produced  on  the  bod]/  by 
the  introduction  of  an  equal  quantity  of  a 
fimilar  fluid. 

If  the  ink  which  paffes  into  the  lungs 
would  remain  there  in  a  feparate  ftate,  we 
might  afcertain  the  quantify  that  paffed 
into  them  in  thefe  experiments,  by  prefling 
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it  out  again  at  the  trachea:  but  this  ink  is 
fo  intimately  combined  with  the  mucus  of 
the  lungs  by  the  agitation  of  the  thorax, 
that  we  cannot  colled:  it  in  a  feparate  ftate. 

If,  howrever*  we  employ  fuch  fluids  in  thefe 

* 

experiments  as  have  no  difpafltion  to  unite 
with  the  pulmonary  mucus,  they  will  re¬ 
main  in  the  lungs  in  a  feparate  ftate,  not- 
withftanding  the  agitation  of  the  thorax* 
and  may  be  in  a  great  meafure  collected 
again. 

i  ~~  * 

Experiment  III. 

I  filled  a  final!  glafs  bell  with  quick- 
filver*  and  immerfed  a  cat  in  it*  in  the 
fame  manner  as  in  the  other  experiments. 
When  the  body  was  taken  out*  I  found 

half  an  ounce  of  quickfilver  (a)  in  the 

/ 

cavity 


fie)  In  weight* 
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cavity  of  the  lungs,  and  an  ounce  of  a  frothy 
fluid  (a)  tinged  with  a  red  colour. 

Three  more  cats  were  immerfed  in  quick- 
filver,  in  the  fame  manner  ^  and  when  they 
were  removed,  we  obtained  from  the  lungs 
of 

Quickflver .  Frothy  mucus . 

The  firft,  -  three  drachms,  fix  drachms  : 

The  fecond,  five  drachms,  an  ounce  : 

The  third,  - — — - an  ounce. 

Four  rabbits  were  drowned  in  quickfilver, 
in  the  fame  manner ;  and  when  they  were 
removed,  we  obtained  from  the  lungs  of 

Quickfilver .  Frothy  mucus . 

The  firft,  -  two  drachms,  fix  drachms : 
The  fecond,  one  drachm,  half  an  ounce  : 

And  from  the  two  laft  we  got  no  quick* 
filver. 

Hence 


( a )  By  meafure. 
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Hence  it  is  evident,  that  the  whole 
quantity  of  the  fluid  found  in  the  lungsf 
of  drowned  animals  is  inconflderable,  and 
that  it  is  generally  compofed  partly  of  the 
natural  mucus  of  the  lungs,  and  partly  of 
the  fluid  which  pafles  into  them  during  the 
efforts  to  infpire. 

Since,  then,  the  quantity  of  the  fluid 
which  enters  into  the  lungs  is  fo  very  incon¬ 
flderable,  are  we  to  fuppofe  that  it  alone 
produces  the  changes  which  take  place  in 
confequence  of  fubmerflon  ? 

If  the  quickfilver  alone  produced  thefe 
changes  in  the  animals  of  the  laft  expend 

i 

ment,  the  fame  changes, will  be  produced 
by  introducing  an  equal  quantity  of  any 
fluid  into  the  lungs  of  a  living  animal, 
when  it  is  not  immerfed  in  water. 

It 


* 


\ 
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It  was  fhown,  in  the  laft  experiments, 
that  the  greateft  quantity  of  quickfilver 
which  paffed  into  the  lungs  of  the  cats, 
was  five  drachms.  Let  us  fuppofe  a  quan¬ 
tity  equal  to  the  whole  of  the  mucus  and 
quickfilver  obtained  from  the  lungs,  paffed 
into  them  from  without :  if  it  occafioned 
the  death  of  the  animal,  we  fhall  oroduce 
the  fame  effed  by  introducing  an  equal 
quantity  of  water  into  the  lungs  of  a  fimilar 
animal,  whilft  the  refpiration  is  not  other- 
wife  interrupted. 

Experiment  IV* 

I  confined  a  cat  in  an  ered  pofture,  and 
made  a  final!  opening  in  the  trachea  by 
cutting  out  one  of  the  cartilaginous  rings. 
Through  this  opening  I  introduced  two 
ounces  of  water  into  the  lunps.  The  ani- 
mal  had  immediately  a  difficulty  of  breath- 

C  ing. 
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In g,  and  a  feeble  pulfe :  but  thefe  fymp- 
toms  were  foon  abated ;  and  it  lived  fever al 
hours  afterwards  without  much  apparent 
inconvenience.  At  length  I  ftrangled  it, 
and  found  two  ounces  and  a  half  of  water 

in  the  lungs. 

I  introduced  two  ounces  of  water  into 

the  lungs  of  two  other  cats,  in  the  fame 

* 

manner.  The  difficulty  of  breathing,  and 
alteration  of  pulfe,  were  fo  me  what  greater 
than  in  the  firfc  experiment ;  but  in  a  few 
hours  thefe  complaints  /were  abated  :  the 
animals  were  then  ftrangled,  and  four  ounces- 
of  fluid  were  found  in  the  lungs. 

Here  then,  although  a  quantity  of  water 

be  introduced  into  the  lungs,  greater  than 

» -  * 

the  whole  quantity  found  in  them  in  thefe 
experiments,  yet  it  does  not  produce  in 
the  body  thole  changes  that  take  place  in 

drowning. 


It 
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It  follows,  therefore,  that  the  water 
which  enters  into  the  lungs  of  animals  in 
drowning,  is  not  the  caufe  of  the  changes 
that  take  place  in  the  body. 

From  thefe  experiments  we  draw  the 
following  conclufions : 

i°,  A  fmall  quantity  of  water  commonly 
palfes  into  the  lungs  in  drowning. 

2°,  The  water  enters  into  the  lungs  du«* 
ring  the  efforts  to  infpire,  and,  mixing  with 
the  pulmonary  mucus,  occafions  the  frothy 
appearance  mentioned  by  authors. 

3°,  The  whole  of  this  fluid  in  the  lungs 
is  not  fufficient  to  produce  the  changes 
that  take  place  in  drowning. 

And  hence  it  follows,  'That  the  water 
produces  all  the  changes  that  take  place  in 
drowning ,  indirectly,  by  excluding  the  at  mo- 
fpberic  air  from  the  lungs . 


To 
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To  trace  thefe  changes  to  the  exclufion 
of  air,  we  mull  inquire  into  the  particular 
effects  of  the  air  on  the  lungs  in  refpira- 
tion,  and  the  connexion  of  thefe  effects 
with  the  different  functions  of  the  body : 
and  when  thefe  are  afcertained,  it  will  be 
eafy  to  determine  what  changes  mufr  take 
place  in  confequence  of  the  privation  of 
air. 

The  firft  and  mod:  obvious  effedt  pro¬ 
duced  in  the  lungs  by  refpiration,  is  an 
alteration  in  the  volume  of  air  they  con¬ 
tain  ;  and  this  muff  occafion  a  proportional 
change  in  the  degree  of  their  dilatation, 
and  confequently  in  the  form  of  the  veffels 
didributed  upon  them* 

\ 

\ 

We  proceed  to  invefligate  thefe  changes, 
and  to  trace  their  connexion  with  the  other 
functions  of  the  body, 

SECTION 
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SECTION  III. 

To  determine  the  mechanical  11  feels  of  the  Air 
on  the  Lungs  hi  Kefpi ration . 

rr* 

X  O  obtain  the  object  propofed  in  this 
Sedlion,  we  mu  ft  firft  afcertain  the  different 
quantities  of  air  in  expiration  and  in  infpi- 
ration,  and  the  proportional  dilatation  of 
the  lungs  in  each  of  thefe  ftates ;  and  then 
endeavour  to  determine  the  effects  of  thefe 
different  degrees  of  dilatation  on  the  pul¬ 
monary  veffels,  and  on  the  current  of  the 
blood  circulating  through  them. 

Several  writers  have  attempted  to  mea- 
fure  the  quantity  of  air  taken  in  by  a  ftngle 

C  a  infpiration  $ 
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infpiration ;  and  fome  of  them  have  deli¬ 
vered  eftimates  of  the  proportional  dilata¬ 
tion  of  the  lungs,  both  in  infpiration  and 
in  expiration  (a) .  Thefe  eftimates  were  in 
a  great  meafure  adopted  by  a  celebrated 
phyfiologift ;  and  he  deduced  many  confe- 
quences  from  them,  to  explain  a  variety  of 
difeafes  immediately  connected  with  thefe 
mechanical  changes  (3)  :  but  the  means 
employed  to  form  thefe  eftimates  appear 
to  have  been  infufficient ;  and  the  confe- 
quences  deduced  from  them  are  contra¬ 
dicted  by  feveral  common  appearances  of 
the  body :  we  £hall  therefore  attempt  to 

meafure 


(a)  Borelli  de  Motu  Animal.  Lib.  II. — Jurin 9 
Difiert.  IV.  Lib.  IV. — Hales,  V eget.  Statics,  V ol.  II. 

„ _ - Sexuvage  de  Relpiratione  ditbciii.*—  Bet  uoulh^  Xhf— 

fert.  de  Refpiratione. 

{ b )  Haller ,  Element.  Phyixolog* 
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meafure  thefe  quantities  again,  and  to  form 
our  eftimate  from  the  refult  of  the  experi¬ 
ments  : 

And,  firft,  to  meafure  the  quantity  of  air 
taken  into  the  lungs  after  a  complete  ex¬ 
piration. 

As  every  animal  makes  a  full  expiration 
immediately  before  death,  the  lungs  in  a 
dead  body  are  in  a  ftate  of  complete  ex¬ 
piration  :  if,  therefore,  we  can  meafure  the 
quantity  of  air  in  the  lungs  of  dead  bodies, 
we  fhall  determine  the  medium  quantity  in 
a  ftate  of  complete  expiration.  Now,  it  is 
generally  known,  that  the  lungs,  in  a  found 
ftate,  are  always  contiguous  to  the  con¬ 
taining  parts  of  the  thorax ;  and  that  all 
the  containing  parts  of  the  thorax,  except 
the  diaphragm,  are  fixed  after  death  :  if, 
then,  we  fix  the  diaphragm  of  a  dead  body, 

C  4  and 
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and  make  an  opening  through  the  external 
parts  into  the  cavity  of  the  thorax,  the 
atmofpheric  air  will  pafs  in  by  its  own 
gravity,  and,  preffing  upon  the  external 
furface  of  the  lungs,  will  force  them  to 
collapfe,  and  expel  the  air  they  contain ; 
and  that  part  of  the  cavity  of  the  thorax 
which  they  before  occupied,  will  be  the 
meafare  of  the  volume  of  air  expelled  from 
them*  If  we  now  fill  up  this  part  of  the 
cavity  with  water,  it  will  give  the  , quantity 
of  air  which  was  in  the  lungs  after  expira- 
tion. 

Experiment  I. 

I  procured  a  dead  body  of  ordinary  na¬ 
ture,  and  applied  a  clofe  comprefs  upon 
the  fuperior  part  of  the  abdomen,  to  fix 
the  diaphragm  in  its  fituation  :  then  I  made 
a  final!  opening  into  the  cavity  of  the  thorax 
on  each  fide,  and  upon  the  moft  elevated 

part. 
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part.  The  lungs  immediately  collapfed; 
and  confequently  the  air  which  they  con¬ 
tained  was  expelled.  Water  was  next  in¬ 
troduced  at  thefe  openings,  till  the  cavity 
was  filled ;  and  the  contents  of  the  water 
were  272  cubic  inches. 

The  lungs  of  this  body  contained  there¬ 
fore  272  cubic  inches  of  air  in  a  date  of 
complete  expiration. 

The  fame  experiment  was  repeated  on 
two  other  bodies,  nearly  in  the  fame  cir- 
cumftances ;  and  the  lungs  of  the  fird,  in 
a  ftate  of  complete  expiration,  contained 
250  cubic  inches  of  air,  and  the  lungs  of 
the  fecond  262  cubic  inches. 

The  fubjeds  of  thefe  experiments  died 
from  hanging ;  and  I  was  not  aware  that 
there  could  be  any  objedion  to  the  experi¬ 
ment 
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merit  on  that  account :  but  it  afterwards 
occurred  to  me3  that  their  lungs  were  not 
in  a  ftate  of  expiration  j  becaufe  perfons 
under  the  influence  of  fear  often  make  a 
deep  infpiration,  before  the  cord  is  palled 
round  the  trachea ;  and  the  prdfure  of  the 
cord  becomes  immediately  fo  tight,  that 
they  are  not  able  to  expel  the  air  again. 

On  this  account  I  repeated  the  experi¬ 
ment  on  feyeral  adult  fubjedts,  who  died  a 
natural  death.  In  feme  of  them  the  lungs 
adhered  to  the  tides  of  the  thorax,  and  did 
not  collapfe  completely,  when  the  openings 
were  made ;  but  in  four  of  them  the  lungs 
appeared  to  collapfe  properly ;  and  we  had 
the  following  refults  : 

The  lungs  of  the  firft  contained  120  cubic  inches. 


— —  the  fecond 

102 

— - -  the  third 

90 

~  the  fourth 

125 

Thefe 
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Thefe  experiments  are  fufficient  to  fhow, 
that  the  lungs  contain  a  considerable  quan¬ 
tity  of  air,  even  after  complete  expiration  : 
but  this  quantity  mu  ft  vary  in  different 
fubjedis  in  proportion  to  the  capacity  of 
the  thorax ;  it  is  therefore  extremely  diffi¬ 
cult  to  eftablifh  a  medium.  However,  to 
purfue  this  inquiry,  we  Shall  for  the  prefent 
adopt  the  medium  quantity  of  thefe  latter 
experiments,  and  fay  that  the  lungs  of  the 
human  fubjeft  contain  109  cubic  inches  of 
air  after  complete  expiration. 

We  next  proceed  to  meafure  the  quan¬ 
tity  of  air  taken  into  the  lungs  at  an  ordi¬ 
nary  infpiration. 

This  may  be  done  by  breathing  from  a 
velTel  which  has  only  two  tubular  openings, 
one  to  be  applied  to  the  mouth,  whilft  the 
other  is  immerfed  in  water.  If  we  infpire 

from 
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from  the  veffel,  under  thefe  circumftances* 
a  quantity  of  water  will  enter  it,  equal 
in  volume  to  the  quantity  of  air  infpired 
from  it. 

On  this  principle  we  contrived  the  ma¬ 
chine  ABODE.  The  veffel  D  contains 
feveral  hundred  cubic  inches  of  air.  This 
veffel  (which  for  the  fake  of  diftindtion  I 
call  pneumatic)  fufpended  in  the  balance 
A  B,  and  brought  to  an  equilibrium  with 
the  fcale  C ;  and  the  tube  a  b  c  being  im« 
rnerfed  in  water  in  the  veffel  G  ;  if  a  per- 
fon  infpires  from  the  tube  E,  a  volume  of 
water  will  enter  the  pneumatic  veffel  through 
the  tube  a  b  c9  equal  to  the  volume  of  air 
infpired  from  it  by  the  tube  E.  The  fcale 
C  will  determine  the  weight  of  the  water 
in  the  pneumatic  veffel ;  and  this,  by  cal¬ 
culation,  will  give  the  number  of  cubic 
inches  of  water  which  entered  the  machine 


at 
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at  a  Angle  infpiration,  and  the  number  of 
cubic  inches  of  water  will  give  the  number 
of  cubic  inches  of  air- 

Experiment  II. 

An  adult  perfon  of  ordinary  flature  in- 
fpired  twice  from  the  machine ;  imitating* 
as  nearly  as  he  could*  an  ordinary  infpira¬ 
tion. 

In  the  firft  he  took  in  3  cubic  inches  of  air  5 

In  the  fecond  ay  cubic  inches. 

Another  perfon*  of  nearly  the  fame  fta- 
tore*  infpired  twice : 

In  the  firft  he  took  in  3.1  cubic  inches  of  air; 

In  the  fecond  2f  cubic  inches. 

In  thefe  experiments  there  is  a  difference 
in  the  quantity  of  air  taken  into  the  lungs 
at  a  Angle  infpiration,  which  we  fufpedted 

might 
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might  arife  from  the  attention  of  the  mind 
in  this  new  fituation  of  breathing.  To 
avoid  this  fource  of  error,  as  much  as  pof- 
lible,  we  determined  that  the  fame  perfon 
fhould  infpire  regularly  from  the  pneumatic 
veiTel  for  a  minute  or  two,  and  expire 
alternately  into  the  atmofphere,  numerating 
all  the  infpirations ;  and  that  we  fhould 
then  meafure  the  water  which  paiTed  into 
the  veiTel  during  that  time,  and  calculate 
the  average  quantity  for  each  infpiration* 

Experiment  III, 

The  two  perfons  employed  in  the  laft 
experiment  infpired  from  the  pneumatic 
veiTel  thirty  times  fucceftively,  in  the  man¬ 
ner  juft  defcribed ;  and  the  average  quantity 
of  air  taken  in  at  a  fmgle  infpiration,  by 
the  flrft  perfon,  was  2f.  cubic  inches  • 
By  the  fecond,  34* 

It 
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It  appears,  then,  that  the  quantity  of  air 
taken  into  the  lungs  at  a  Angle  infpiration 
is  very  inconfiderable,  when  compared  with 
what  they  contain  after  a  complete  expira¬ 
tion.  This  extraordinary  difference  was 
remarked  with  furprife  by  feveral  judicious 
friends  ;  and  they  exprefled  their  fears  that 
I  might  have  been  deceived.  In  confe- 
quence  of  this,  we  repeated  the  fecond  ex¬ 
periment  again,  with  ftill  more  attention, 
and  on  a  greater  variety  of  fubjedls ;  and 
in  all  of  them  the  average  quantity  of  each 
infpiration  was  nearly  the  fame  as  in  the 
preceding  :  but  in  the  third  experiment  an 
anxiety  was  felt  in  the  bread:,  before  the 
limited  number  of  infpirations  was  fmifhedj 
and  when  the  mouth  was  withdrawn  from 
the  tube,  we  obferved  that  it  was  neceflary 
to  make  a  deep  infpiration...  Thefe  two  cir- 
cumftances  feemed  to  fhow,  that  the  quan¬ 
tity  of  air  taken  into  the  lungs  from  the 

machine 
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machine  had  not  been  fufficient  for  the 
purpofes  of  refpiration ;  and  this  deficiency 
in  quantity  muft  be  attributed  to  fome  par¬ 
ticular  circumftances  of  the  experiment. 

In  all  thefe  experiments  we  attended  to 
the  effort  made  by  the  organs  of  refpiration 
when  the  ordinary  quantity  of  air  is  taken 
in  from  the  atmofphere  ;  and  we  confidered 
the  force  of  this  effort  as  the  meafure  of  an 
ordinary  infpiration  (j),  and  endeavoured  to 
copy  it  exa&ly  when  we  infpired  from  the 
machine  :  but  we  find  that  this  is  not  fuf¬ 
ficient  5  becaufe  the  water  muft  rife  into 

the 


(a)  Every  one  knows,  that  there  is  a  confiderable 
difference  in  the  quantity  of  air  taken  into  the  lungs 
at  an  ordinary,  and  at  a  full  infpiration  :  if  a  perfon 
expires  carefully,  and  then  makes  a  full  infpiration, 
he  will  frequently  take  into  his  lungs  upwards  of 
2,00  cubic  inches  of  air  at  a  iingle  effort, 
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the  pneumatic  veffel  contrary  to  its  own 
gravity ;  and  in  order  to  overcome  this  ad¬ 
ditional  refiftance,  it  will  be  neceffary  that 
the  effort  to  infpire  from  the  machine  be 
greater  than  the  ordinary  effort  in  the  atmo- 
fphere.  And  this  has  been  the  fource  of 
the  miftake.. 

Since,  then,  the  effort  in  the  atmofphere 
is  not  the  meafure  of  a  natural  infpiration 
from  the  machine,  we  muft  have  recourfe 
to  the  fenfation  in  the  lungs.  If  we  in- 
Ipire  from  the  pneumatic  veffel  feveral  times 
fucceffively,  as  in  the  laid  experiment,  and 
take  in  as  much  air  at  each  time  as  to  leave 
no  uneafinefs  in  the  lungs  during  the  infpi- 
rations,  nor  any  want  of  a  greater  quantity 
when  the  mouth  is  removed,  we  may  con¬ 
clude  that  the  lungs  have  received  as  much 
air  at  each  infpiration  as  is  required  for  the 
purpofes  of  refpiration. 
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Experiment  IV. 

Three  perfons  of  ordinary  ftature  infpired 
from  the  pneumatic  veffel  thirty  times  fuc- 
ceffively,  and  took  in  as  much,  air  at  each 
time  as  the  fenfations  in  the  bread  feemed 
to  require.  The  average  quantity  of  air 
taken  into  the  lungs  at  a  Angle  infpiration 
by  the  firflt,  was  —  1 2  cubic  inches  $ 

By  the  fecond  —  14  cubic  inches  j 
By  the  third  —  1 1  • 

Hence  it  appears,  that  the  quantity  of 
air  required  for  a  fingle  infpiration  is  greater 
than  could  be  expected  from  the  preceding 
experiments  :  but  this  alfo  varies  a  little  in 
different  perfons ;  and  it  is  equally  difficult 
to  eftablifh  a  medium  for  infpiration,  as  for 
expiration.  We  fhall  however  take  the 
medium  quantity  here  at  12  cubic  inches* 

/  But 
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But  the  air  which  paffes  from  the  pneu¬ 
matic  veffel  into  the  lungs,  goes  from  a  cool 
to  a  warmer  temperature  *y  it  muft  therefore 
Undergo  a  degree  of  expanfion  as  foon  as  it 
gets  into  the  lungs,  and  confequently  occupy 
a  greater  Ipace  than  before.  This  degree  of 
expanhon  may  be  meafured,  by  inclofing  a 
given  quantity  of  atmofpheric  air  in  a  glafs 
receiver,  difpofed  in  fuch  a  manner  as  to 
indicate  the  alteration  of  temperature,  and 
the  proportional  expanfion,  at  the  fame 
time. 

Experiment  V. 

I  provided  a  cylindrical  glafs  receiver*, 
with  a  thermometer  fufpended  in  the  mid¬ 
dle  ;  I  meafured  the  quantity  of  water  the 
receiver  contained,  and  divided  the  whole 
capacity  into  feveral  hundred  parts,  which 
were  diftinguifhed  by  correfponding  marks 
4>n  the  outfide  :  then  I  inverted  it  in  water, 
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and  introduced  into  it  an  hundred  parts  of 
atmofpheric  air  at  69°  of  Fahrenheit,  and 
applied  heat  to  it  gradually  by  means  of 
warm  water,  until  the  thermometer  in  the 
infide  was  raifed  to  98° :  the  volume  of  the 
whole  was  then  increafed  4th.  In  feveral 
fucceffive  repetitions  the  proportional  ex¬ 
pansion  was  nearly  the  fame. 

If,  then,  we  allow  12  cubic  inches  for  a 
Angle  infpiration,  they  will  be  increafed  to  14 
cubic  inches  when  they  get  into  the  lungs ; 
therefore  the  volume  of  air  before  in  the 
lungs  receives  an  addition  of  14  cubic 
inches  by  an  ordinary  infpiration.  But  the 
volume  of  air  in  the  lungs,  before  an  infpi¬ 
ration,  was  109  cubic  inches ;  hence  it  will 
be  increafed  to  123  cubic  inches ;  and  the 
diftention  of  the  lungs  muft  be  changed  in 
the  fame  proportion ;  therefore  the  dilata¬ 
tion 
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lion  of  the  lungs  after  expiration  is  to  their 
dilatation  after  infpiration  as  109  to  123  (a). 


We  next  inquire  into  the  effefts  of  thefe 

\ 

different  degrees  of  dilatation  on  the  pul¬ 
monary  veffels,  and  on  the  current  of  the 
blood  circulating  through  them. 

Haller  afferts,  that  the  pulmonary  veffels 
are  very  much  changed  in  the  different 
ftates  of  refpiration  $  that  they  are  confide- 
rably  lengthened  by  infpiration,  and  their 
angles  and  diameters  fo  difpofed,  as  belt  to 
favour  the  circulation  of  the  blood ;  but 
that  they  are  greatly  fhortened  by  expira- 
tion,  and  their  angles  and  diameters  fo 
much  altered,  as  to  produce  a  complete 

D  3  obftruc« 


(<2)  That  is,  as  4,7769  is  to  4,9732;  the  differ¬ 
ence  being  only  51963 ;  which  is  not  even  two  tenths 
of  an  inch. 
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obftrudipn  to  the  paffage  of  the  blood 
through  them. 

In  infpiratione/*  fays  be,  “  pulmo  qui 
*'  nunquam  pleuram  deferit,  per  eosdem 
V  paffus  quibus  pedus  dilatatur,  et  ipfe  in 
**  utroque  diametro  latior  nunc  fit,  et  in 
“  fpatium  majus,  fed  fui  fimile  augetur. 
Id  augmentum  varie  eftimatum  eft;  quin- 
**  tuplo  per  infpirationem,  pulmonem  arn^ 
pliorem  fieri  clariff,  Sauvages  conjecits 
et  inde  decuplo, 

**  Vafa  ergo  fenguinea  omnis  generis  cum 
adtenfis  bronchiis  neceflario  extenduntur, 
*f  et  fiexiones  alternag  in  quas  ea  vafa  in  fe« 
^  ipfa  retrada,  in  ftatu  pulmonis  minimo 
fe  reciperant,  eae  nunc  in  reditudinem 

^  exporriguntur  . — Porro  quag  fibi  in« 

**  cumbebant  proxima,  ea  a  mutuo  con* 
tadu  difcedunt,  et  anguli  inter  divifiones 

“  yaforum 
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vaforum  majores  fiunt,  fpatlaque  adeo  vi- 

/ 

cinis  valis  interponuntur.- — — - Hinc  in 
infpiratione  fumma  facilitas  nafcitur  fan- 
guini  de  corde  dextro  exeunti.— In 
expiratione  vero  pulmo  undique  urgetur, 
et  in  mul to  minorem  inolern  compri- 
mitur  :  vafa  ergo  fanguinea  breviora 
quidem  fiunt  cum  retradis  bronchiis, 
eademq;  anguftiora  nunc  funt,  ii qui¬ 
dem  peftus  fecundum  tres  fuas  dimen- 

fiones  ardtatur. - -Sanguis  ergo  quidem 

in  pulmones  undique  comprimiturj  et 
venofus  asqua  vi  preffus,  partim  verfus 
arteriofum  quidem  reprimitur,  eumque 
moratur  aliquantum,  partim  verfus  cor 
finiftrum  promovetur.— Quare  in  ex¬ 
piratione  quam  ponimus  ftabilem  lixper- 
effe,  pulmonis  pro  fanguine  immeabilitas 
oritur,  quam  neque  abfque  palpitatione, 
et  vitiofo  conatu,  demum  omnino  ullis 
fuis  viribus  cor  vincere  queat.” 

Lib.  VIII.  Seft.  4. 

D  4  But 
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'  But  it  appears,  from  thefe  experiments, 

* 

that  the  difference  in  the  two  ftates  of  re- 
fpiration  is  much  lefs  than  Haller  has  repre- 
fented ;  die  changes  produced  on  the  pul¬ 
monary  veffels  muff  confequently  be  fq 
likewife:  the  inferences  he  has  drawn  re- 
fpe&ing  the  circulation  of  the  pulmonary 
blood  are  therefore  erroneous. 

If  we  fuppofe  the  lungs  dilated  with  the 
ordinary  quantity  of  air  in  expiration  (109 
cubic  inches),  and  then  fuppofe  14  cubic 
inches  more  to  be  added,  the  dilatation  of 
the  lungs  will  be  increafed ;  but  the  increase 
will  be  uniform,  and  only  in  the  proportion 
of  123  to  iog ;  the  pulmonary  veffels  will 
be  alfo  extended  uniformly  in  all  direc¬ 
tions^),  and  their  exteniion  will  be  in  the 

« 

fame 


(a)  To  fuppofe,  with  Halier,  that  the  angles  of 
theie  veffels  are  changed,  although  the  form  of  the 
lungs  continues  the  fame,  is  contrary  to  one  of  the 
fundamental  principles  of  geometry. 
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fame  ratio :  fince  then  there  is  no  other  * 

i 

change  produced  on  the  pulmonary  veffels 
by  refpiration,  but  a  difference  in  the  de¬ 
gree  of  extenfion,  and  fince  this  is  fo  finally 
the  alteration  in  the  fum  of  their  diameters 
muff  be  equally  fo ;  and  if  the  blood  cir¬ 
culates  through  them  in  one  ftate,  it  muff 
alfo  in  the  other :  and  hence  it  follows* 
that  the  blood  circulates  through  the  pul¬ 
monary  veffels  in  all  the  degrees  of  natural 
refpiration. 

But*  notwithftanding  this  conclufion,  it 
may  be  flill  fufpefied  that  the  pulmonary 
blood  does  not  circulate  with  proper  free¬ 
dom  in  all  the  different  ftates  of  refpira¬ 
tion  ;  that,  in  the  ftate  of  expiration,  the 
current  may  be  fo  much  retarded,  as  to 
occafion  an  accumulation  in  the  veffels  of 
the  right  fide  of  the  heart,  fufficient  to  bring 
on  an  interruption  or  fufpenfion  of  fome  of 

the 
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the  other  functions.  If  it  be  fo,  the  fame 
eflfeds  will  be  produced  by  introducing  a 
quantity  of  any  fluid  into  the  cavity  of  the 
thorax,  to  force  the  lungs  to  collapfe,  and 
expel  fo  much  air  as  will  reduce  their 
volume  much  below  the  degree  of  ordinary 
expiration.  This  experiment  is  frequently 
made  in  the  human  body  by  difeafe :  a 
quantity  of  watery  fluid  gets  into  the  cavity 
of  the  thorax  between  the  containing  parts 
and  the  lungs,  occupying  a  very  confl- 
derable  fpace,  and  reducing  their  volume 
much  below  the  dilatation  of  ordinary  ex¬ 
piration  ;  and  ftili  there  is  no  fufpenfion  of 
any  of  the  other  functions.  Many  exam¬ 
ples  of  this  difeafe  have  been  recorded  by 
different  writers,  where  the  fluid  was  taken 
away  feveral  times  from  the  cavity  of  the 
thorax,  during  the  life  of  the  patient :  and 
there  is  one  in  the  Memoirs  ot  the  Academy 
of  Surgery,  where  the  Author  expreiTes 

much 
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much  furprife  that  the  blood  could  circu¬ 
late  through  the  lungs,  while  fuch  a  quan¬ 
tity  of  fluid  was  confined  in  the  thorax, 

M  Apres  les  fymptomes  ordinaires/1  fays 
the  Author,  “  les  chirurgiens  pronontpoient, 
c  que  c’etoit  un  hydrothorax,  &  decident 
fur  F  operation, 

% 

u  Le  malade  etolt  done  aflis  dans  fon  lit, 
le  corps  penche  en  avant,  et  foutenu  par 
*c  plufieurs  affiftans.  Je  lui  fit  la  pondaon, 
“  avec  un  trois-quart  ordinaire,  Le  poin- 
<pon  etant  tire,  Feau  fortit  par  la  canule  a 
• 1 c  plein  jet,  et  par  des  fecoufles  qui  repon- 
**  doient  aux  mouvemens  de  la  refpiration* 
“  II  en  fortit  pres  de  fix  pintes  *  d'une  fluide. 
ge  Bientot  apres,  fon  pouls  fe  ranimoit,— 
t(  Sept  jours  apres,  Faccumulation  fe  faifoit 

€C  encore  | 


(a)  De  France,  u  e,  2S8  cubic  inches. 
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u  encore ;  &  je  tirai  par  la  meme  operation 
encore  cinque  pintes.” 

Dans  ces  cas,  le  poumon,  fort  ecarte 
des  parols  de  la  poitrine,  doit  etre  pelo- 
€C  tonne  vers  le  centre,  &  reduit  a  un  fort 
petit  volume,  &  fes  veficules  tres-retre- 
“  cies. — —  C’eft  affez  pour  expliquer  h 
“  difficult^  de  la  refpiration. 

“  J?ai  obferve  que  toutes  les  fois  qu*on 
€C  inlinuoit  la  fonde  de  poitrine  dans  la  ca~ 
cc  pacite,  on  Tintroduifoit  a  la  longueur  de 
quatre  ou  cinq  ponces,  fans  toucher  ni 
ie  rencontrer  aucune  partie  interieure ;  & 
€i  c’eft  one  chofe  qui  m’etonnoit  toujours  !5J 

Tom*  II.  p*  54 6. 

I  have  frequently  made  a  fimilar  experi¬ 
ment  on  feveral  dogs,  producing  an  artifi¬ 
cial  hydrothorax  by  introducing  as  much 
water  through  an  oblique  opening  of  the 

intercoftal 
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intercoftal  mufcles  Into  the  thorax,  as  nearly 

filled  one  third  of  the  whole  cavity,  doling 

✓ 

the  orifice  afterwards.  In  all  of  them  it 
brought  on  a  confiderable  difficulty  of 
breathing,  but  no  other  apparent  incon¬ 
venience. 

In  thefe  examples  the  volume  'of  the 
lungs  muft  have  been  confiderably  reduced, 
and  the  greateft  quantity  of  air  they  were 
capable  of  containing  much  left  than  the 
ordinary  quantity  in  an  healthy  expiration  | 
and  ftill  the  blood  continued  to  circulate 
through  the  pulmonary  veffels  in  fufficient 
quantity  to  keep  up  the  action  of  the  left 
ventricle  of  the  heart,  and  the  other  func¬ 
tions  of  the  body. 

If,  therefore,  the  blood  circulates  through 
the  pulmonary  veffels  with  this  freedom  when 
the  volume  of  the  lungs  is  fo  much  dimi- 
nifhed,  it  muft  certainly  circulate  through 

them 
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them  with  equal  eafe  in  expiration  wheri 
the  volume  of  the  lungs  is  much  greater  i 
hence  it  follows,  that  the  blood  circulates 
through  the  lungs  in  expiration  with  fuffi- 
cient  freedom  to  keep  up  the  health  of  the 
fyftem* 

From  all  thefe  experiments  we  draw  the 
following  conclufions : 

i°.  The  lungs  contain  109  cubic  inches 
of  air  after  a  complete  expiration  ;  and  this 
quantity  receives  an  addition  of  14  cubic 
inches  by  infpiration. 

2%  The  dilatation  of  the  lungs  after  ex¬ 
piration  is  to  their  dilatation  after  infpira¬ 
tion  as  109  to  123. 

30,  The  blood  circulates  through  the 
pulmonary  veffels  in  all  the  degrees  of 
natural  refpiration. 

40,  The 


( 


[  47  ] 

4 °9  The  circulation  through  them  after 
expiration  is  fufficiently  free  to  keep  up  the 
health  of  the  fyflem. 

And  hence  it  follows*  that  the  dilatation 
of  the  lungs  is  not  the  final  caufe  of  refpra ~ 
tion. 

Another  effed  produced  in  the  lungs  by 
refpiration*  is  a  change  in  the  chymical 
qualities  of  the  air  they  contain.  We  pro¬ 
ceed  to  inquire  into  the  particular  nature  of 
this  change*  and  its  connexion  with  the 
other  fundions  of  the  body. 


SECTION 
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SECTION  IV. 

Tc o  determine  the  Chymical  Effects  of  the  Air 
on  the  Lungs  in  Refpiration . 

It  has  been  long  fufpeCted  by  philofophers 
of  the  firft  character  (a) ,  that  the  air 
which  we  breathe  undergoes  fome  chymi¬ 
cal  changes  in  the  lungs ;  and  various  con¬ 
jectures  have  been  propofed  concerning 
them,  by  different  writers,  at  different 
times;  but  nothing  more  could  be  ex¬ 
pected  from  the  molt  penetrating  mind, 
until  chymiftry  put  on  the  form  of  a  fci- 
ence ;  from  that  period  the  clouds  of  hypo- 
thefis  have  been  difpelled,  and  the  dawn 
of  truth  begins  to  appear.  We  fhall  not 

enter 


(a)  Ariftotle,  Sir  Ifaac  Newton,  &c» 
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enter  into  a  detail  of  thefe  different  conjec¬ 
tures,  nor  of  the  progrefiive  difeovery  of 

T*- 

the  fadts  connedted  with  the  fubjedt;  but 
rather  endeaVour  to  deferibe  the  conftituent 
parts  of  atmofpheric  air,  as  far  as  they 
are  now  known,  and  then  inveftigate  the 
particular  changes  they  undergo  by  refpira- 
tion. 

When  atmofpheric  air  is  analyfed  with 
the  ordinary  chymical  tefts,  it  is  found  to 
be  compofed  of  phlogifticated  air,  dephlo- 
gifticated  air,  and  fixed  air.  If  any  given 
quantity  of  atmofpheric  air  (fuppofe  100 
parts)  be  accurately  analyfed  in  this  man¬ 
ner,  it  is  generally  found  to  contain  nearly 
two  thirds  of  phlogifticated  air,  one  third 
of  dephlogifticated  air,  and  a  very  fmall 
quantity  of  fixed  air :  but  the  proportions 
of  thefe  airs  are  generally  different  in  diffe¬ 
rent  parts  of  the  atmofphere,  and  fometimes 
no  fixed  air  can  be  found. 

If 
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If  i  oo  parts  of  analyfed  atmofpheric  air 
be  infpired,  and  expired  again  into  a  re¬ 
ceiver,  it  is  found  to  have  undergone  a 
change  in  the  proportion  of  its  conftituent 
parts  :  the  quantity  of  dephlogifticated  air 
is  diminifhed,  the  quantity  of  fixed  air  in- 
creafed,  and  the  phlogifticated  air  remains 
the  fame. 

A  celebrated  chymift  has  propofed  to 
afcertain  the  changes  {a)  which  thefe  airs 
undergo  by  a  Angle  refpiration  (b) :  but  the 
refults  of  fuch  experiments  are  fubjedt  to 
fome  variations  from  the  ftate  of  the  body, 
and  from  the  duration  of  the  refpiration. 
Notwithftanding  thefe  difficulties,  I  made 
feveral  experiments  on  myfelf,  to  afcertain 
the  particular  degree  of  thefe  changes ;  and 
although  there  was  always  a  little  difference 

in 


(<2)  Monf.  Lavoifier. 

(/>)  One  infpiration  and  one  expiration* 
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in  the  refults,  yet  by  frequent  repetition 
they  became  inconsiderable. 


Firft,  I  afcertained  the  proportion  of 
thefe  airs  in  12  cubic  inches  of  atmofpheric 
air;  then  I  infpired  an  equal  volume  of 
the  fame  air,  expiring  it  into  a  glafs  receiver, 
and  analyfed  the  whole  quantity.  This  was 
repeated,  feveral  times,  and  the  medium 
quantity  was  as  follows : 


The  volume  of  air 
taken  into  the  lungs 
at  a  fingle  infpi ration 
contained, 

Parts 

• 

Phlogifticated  air  80 
Dephlogiilicated  air  18 
Fixed  air  -  2 

100 


The  volume  of  air 
expelled  '  from  the 
lungs  by  the  next  Suc¬ 
ceeding  expiration 
contained  (a), 

Parts . 

Phlogillicated  air  80 
Dephlogifticated  air  g 
Fixed  air  -  -  -  13 

T 


(a)  In  all  thefe  attempts  I  endeavoured  to  imitate 
the  natural  expirations ;  but  the  volume  of  air  ex- 

£  2  pelled 
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It  appears,  then,  that  the  diminution  of 
dephlogifticated  air,  and  the  increafe  of 
fixed  air,  in  a  Angle  refpiration,  is  con- 
fiderable* 

Let  us  next  inquire  if  this  diminution  of 
the  one,  and  increafe  of  the  other,  be  uni« 
form  and  conftant  in  the  fame  volume  of 
air  feveral  times  refpired  :  and,  firft,  the 
diminution  of  the  dephlogifticated  air. 

This  may  be  done  by  breathing  a  quan¬ 
tity  of  air  feveral  times  from  a  glafs  receiver 
inverted  in  water,  and  by  mixing  a  final! 
quantity  of  this  air,  after  every  expiration, 
with  an  equal  quantity  of  nitrous  air  in  the 
eudeometer  of  Fontana :  the  quantity  of 

dephlo- 


pelled  from  the  lungs  was  never  equal  to  the  volume 
of  air  taken  in;  fometimes  there  was  a  diminution 
of  fo)  and  fometimes  -3%.  This  diminution  was 
©bferved  long  ago  by  Boyle  and  Mulfenbroek* 
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dephlogifticated  air  will  then  be  indicated 
by  the  diminution  of  volume  in  the  codec- 
meter. 

I  paffed  12  cubic  inches  of  atmofpherle 
air  into  a  glafs  receiver  inverted  in  water, 
and  put  a  meafure  of  it  into  the  eudeo- 
meter,  and  it  occupied  100  parts  $  then  I 
added  an  equal  meafure  of  nitrous  air,  and 
the  whole  volume  of  200  parts  was 
diminifhed  to  —  —  —  144 

Then  I  infpired  the  whole  of  the 
volume  from  the  receiver,  and 
expired  it  in  the  ufual  time ; 
and  on  trying  an  equal  portion  of 
it  in  the  eudeometer,  the  200 


parts  were  diminifhed  to 

-  158 

After  the  fecond  expiration 

they 

were  diminifhed  to  — 

—  163 

After  the  third,  to  * 

—  167 

After  the  fourth,  to  — 

— - 170 

After  the  fifth,  to  — 

—  171 

E  3 

We 

x 
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We  might  alfo  determine  whether  the 
addition  of  fixed  air  be  conftant  and  uni- 
*  form  in  feveral  fuccefiive  refpirations,  by 
breathing  a  given  volume  of  air  in  the  fame 
manner  from  an  inverted  receiver,  and 
palling  a  fmall  quantity  of  it  through  lime- 
water  after  every  expiration  :  but  this  would 
require  great  labour  and  minute  attention  • 
and  fince  we  know  the  quantity  of  fixed  air 
added  by  a  fingle  expiration,  it  is  eafy  to 
determine  whether  there  be  any  additions 
made  to  it  afterward,  by  breathing  the  fame 
air  feveral  times,  and,  after  the  laid  expira¬ 
tion,  examining  it  with  lime-water,  and 
comparing  the  whole  quantity  of  fixed  air 
with  the  known  quantity  of  a  fingle  relpi- 
ration,, 

I  inclofed  12  cubic  inches  of  air  in  an 
inverted  receiver,  and  breathed  it  through 
a  glafs  tube  fix  times  in  fucceffion  :  on  be¬ 
ing  examined  with  lime-water  after  the  laid 

expiration 
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expiration  it  contained  15  parts  of  fixed 
air.  The  fame  experiment  was  repeated, 
and  the  quantity  of  fixed  air  was  13  parts* 


The  diminution  of  dephlogifticated  air, 
and  the  increafe  of  fixed  air,  is  therefore 
conftant  and  fucceffive  in  the  fame  quantity 
of  air  frequently  refpired  :  but  the  changes 
in  the  fucceffive  refpirations  bear  no  pro¬ 
portion  to  the  changes  in  the  firft.  Since, 
however,  thefe  changes  are  conftant  and 
uniform,  they  muft  be  connected  with  fome 
correfponding  changes  in  the  lungs  equally 
conftant  and  uniform ;  and  there  is  no  fub- 
ftance  in  the  lungs  where  we  can  expe£t  to 
find  fuch  correfponding  changes,  except  the 
blood  which  circulates  through  them. 

Lower  obferved  long  ago  in  living  ani¬ 
mals,  that  the  blood  from  a  wound  in  the 
trunk  of  the  pulmonary  vein  was  florid ; 

E  4  and 
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and  knowing  before  that  the  blood  entering 
into  the  lungs  by  the  pulmonary  artery  is 
black*  he  concluded  that  it  acquired  this 
florid  colour  by  pa  fling  through  the  lungs ; 
and  finding  afterwards  that,  when  the  ani¬ 
mal  ceafed  to  breathe,  the  blood  from  the 
wound  in  the  pulmonary  vein  was  black, 
he  attributed  the  florid  colour  to  the  adtion 
of  the  air  in  refpiration  (a) .  This  opinion 
has  been  mentioned  frequently  lince  by  dif¬ 
ferent  authors,  and  feems  npw  to  be  gene-, 
rally  believed. 

To  examine  the  fact  with  particular  at** 
tentioP,  I  procured  feveral  large  dogs,  re¬ 
moved  the  fternura,  and  expofed  the  trunks 
of  the  pulmonary  veins  and  arteries  fo  as  to 
allow  me  to  difiinguifh  accurately  the  colour 

of 


(a)  Tra&atus  cfe  Corcle,  p.  3(85* 


% 
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of  the  blood  paffing  through  them.  Then 
I  inflated  the  lungs  with  a  pair  of  bellows 
(after  the  defcription  of*  (a)  Vefalius),  imi¬ 
tating  the  natural  refpiration,  and  kept  the 
animal  alive  by  this  procefs  for  a  confiderable 
length  of  time.  In  thefe  experiments  it 
was  obferved,  that,  during  the  inflation,  the 
blood  in  the  trunks  of  the  pulmonary  artery 
was  black,  but  in  the  trunks  of  the  pulmo- 
nary  veins  it  was  florid  :  and  when  the  in¬ 
flation  was  intermitted  for  a  minute,  the 
blood  in  the  trunks  of  the  pulmonary  vein 
became  gradually  black,  like  that  in  the 
arteries. 

In  feme  of  thefe  animals  I  divided  the 
trunks  of  the  humoral  artery  and  vein  |  and 
during  the  inflation  the  blood  from  the 


(a)  Vefalius  de  Corporis  Humani  Fabrics,  Lib. 
VI.  Cap.  xix.  p.  572. 
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artery  was  florid ;  but,  on  intermitting  the 
inflation,  it  became  gradually  black,  like 
the  blood  from  the  vein. 

I  alfo  examined  thefe  appearances  in  the 
toad  and  the  lizard,  whofe  lungs  confift  of 
only  a  tranfparent  bladder,  with  blood  vef- 
fels  fo  thin  that  the  colour  of  the  circu¬ 
lating  blood  may  be  eafily  diftinguifhed 
through  them. 

I  inflated  the  lungs  of  thefe  animals  feve- 
ral  times,  and  emptied  them  again  by  gen- 
tie  prefliire,  imitating  by  this  method  the 
refpiration  of  the  more  perfect  animals  ; 
and  in  all  the  examples,  when  the  atmo¬ 
spheric  air  palTed  into  the  lungs,  the  blood 
in  the  pulmonary  vefiels  became  gradually 
florid;  but  when  they  were  emptied,  it 
became  gradually  black  :  to  this  may  be 

added  the  familiar  circumftance  in  blood¬ 
lettings 
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letting,  the  dark-coloured  blood  becoming 
florid  after  expofure  to  the  air. 

All  thefe  fads  feem  to  confirm  the  opi¬ 
nion  of  Lower,  that  the  blood  acquires  a 
florid  colour  in  palling  through  the  lungs  $ 
and  that  this  colour  is  produced  by  the  chy- 
mical  adion  of  the  air. 

We  next  inquire  by  what  part  of  the 
refpired  air  this  change  of  colour  is  pro¬ 
duced,  and  what  particular  chymical  pro- 
cefs  takes  place  at  the  time. 

Does  it  arife  from  the  addition  of  fixed 
air  feparated  from  the  blood  in  palling 
through  the  lungs,  or  from  the  chymical 
adion  of  the  phlogifticated  or  the  dephlo- 
gifticated  air  ? 

If  the  florid  colour  arifes  from  the  fepa- 

ration  of  fixed  air  in  its  entire  ftate  from 

the 
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the  blood,  then  florid  blood  expofed  to  a 
volume  of  fixed  air  in  a  clofe  velTel  mu  ft 

become  black  alfo. 

I  introduced  four  ounces  of  florid  blood, 
frefh  drawn,  into  a  glafs  receiver  containing 
fixed  air,  and  I  confined  it  there  a  con- 

fiderable  time ;  but  it  did  not  become 

/ 

Black,  nor  undergo  any  fenfible  change. 
I  then  received  fome  florid  blood  from  the 
carotid  artery  of  a  fbeep  into  a  phial  filled 
with  fixed  air;  but  ftill  the  florid  colour 
was  not  altered  :  therefore  the  change  of 
colour  in  refpiration  does  not  arife  from  the 
reparation  of  fixed  air  in  its  entire  ftate 
from  the  blood. 

Nor  can  it  be  attributed  to  the  chymlcal 
adtion  of  the  phlogifticated  air ;  for  it  is 
generally  known,  that  black  blood,  frefh 
drawn,  expofed  to  phlogifticated  air  in  a 
clofe  veffel,  undergoes  no  change  of  colour. 

But 
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But  it  has  been  often  afierted,  that  black 
blood  frefh  drawn,  and  expofed  to  dephlo- 

gifticated  air,  becomes  florid. 

« 

To  afcertain  the  truth  of  this  affertion, 
I  inclofed  a  quantity  of  dephlogifticated  air 
in  a  glafs  receiver  inverted  in  quickfilver, 
and  introduced  into  it  four  ounces  of  blood 
frefh  drawn  from  the  jugular  vein  of  a 
fineep  :  the  blood  became  inftantly  very  flo- 
rid,  and  the  quickfilver  feemed  to  afcend  a 
little  in  the  receiver.  To  afcertain  this  lat¬ 
ter  circumftance,  I  repeated  the  experiment 
three  or  four  times  :  the  change  of  colour 
was  always  very  hidden,  and  after  feveral 
minutes  the  quickfilver  afcended  two  or, 
three  lines.  It  is  evident,  then,  that  de¬ 
phlogifticated  air  changes  the  colour  of 
black  blood,  and  a  fmall  portion  of  the  air 
difappears  in  the  procefs :  but,  as  the  changes 
in  thefe  experiments  are  fimilar  to  thofe  in 

refpiration, 
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refpiration,  it  might  be  inferred,  that  de~ 
phlogifticated  air  produces  the  florid  colour 
in  both  examples. 

To  fatisfy  myfelf  of  this,  I  inflated  the 
lungs  of  feveral  kittens  with  dephlogifti- 
cated  air,  after  the  fternum  was  removed ; 
and  the  blood  in  all  the  pulmonary  veins 
became  immediately  very  florid. 

Hence  it  is  evident,  that  the  florid  co¬ 
lour  acquired  by  the  blood  in  refpiration 
is  produced  by  dephlogifticated  air.  But 
it  may  be  afked,  by  what  means  the  air 
is  applied  to  the  blood  in  refpiration  ? 
whether  by  means  of  the  abforbents,  or 
by  the  force  of  chymical  attraction  ? 

If  it  were  taken  in  by  the  abforbents,  it 
muft  pafs  diredly  to  the  right  flde  of  the 
heart,  and  change  the  colour  of  the  blood 
there;  which  does  not  happen. 


It 
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It  has  been  fliewn  by  Dr.  Prieftley,  that 
atmofpheric  air  will  change  the  colour  of 
blood  through  the  coats  of  a  bladder ;  but 
there  are  no  diredt  proofs  that  it  will  pro¬ 
duce  the  fame  effedt  through  the  coats  of 
the  veffels  in  a  living  animal. 

To  determine  this,  I  diiTedted  the  cellu¬ 
lar  membrane  from  the  fmall  veins  in  the 
neck  of  feveral  rabbits,  and  confined  the 
blood  in  them  by  ligatures  ^  then  I  con- 
dudted  a  fmall  ft  ream  of  dephlogifticated 
air  to  the  coats  of  the  veffels  :  in  fome  of 
them  the  blood  became  a  little  florid ;  but 
in  others  there  was  no  diftindt  change, 
although  the  ftream  of  air  was  condudted 
for  two  minutes. 

In  thefe  in  fiances,  however,  where  it  took 
place,  fomething  mu  ft  have  pervaded  the 
coats  of  the  veffels ;  and  this  makes  it 

highly 
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highly  probable,  that,  when  the  dephlogi¬ 
fticated  air  produces  the  change  of  colour 
in  the  blood,  fomething  pervades  the  coats 
of  the  pulmonary  veffels  by  the  force  of 
chymical  attradion. 

But  what  it  is  that  pervades  the  veffels, 
is  not  yet  known  :  whether  fome  principle 
feparated  from  the  blood  be  combined  with 
the  dephlogifticated  air,  to  form  fixed  air ; 
qr  whether  the  dephlogifticated  air  be  de~ 
compofed,  and  a  part  of  it  paffes  into  the 
blood,  while  the  other  part  remains  be¬ 
hind  in  the  form  of  fixed  air  ;  or,  laftiy, 
whether  the  dephlogifticated  air  enters  into 
the  blood  in  its  entire  ftate,  whilft  the  fixed 
air  is  feparated  from  the  veffels.  x 

‘The  greater  number  of  fads  in  chymiftry 
feem  to  favour  the  firft  fuppofition ;  but  * 
yet  they  only  make  it  probable;  and  more 

than 
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than  probability  cannot  be  expeded,  until 
the  nature  of  thefe  airs  be  better  under-* 
flood. 

But,  whatever  folution  future  experiments 
may  furnilh,  this  general  fad  will  remain 
unaltered ;  viz.  That  the  change  of  colour 
which  the  blood  undergoes  in  palling 
through  the  lungs,  is  occafioned  by  the 
chymical  adion  of  the  dephlogifticated  air 
of  the  atmofphere  •  and  that,  in  confequence 
of  this,  fixed  air  is  received. 

To  proceed  in  the  inquiry,  we  endeavour 
to  trace  the  connexion  of  this  change  in  the 
pulmonary  blood  with  the  other  fundions 
of  the  body. 

It  is  generally  known,  that  when  an  ani¬ 
mal  breathes  the  fame  air  feveral  times,  his 

pulfe  becomes  flower,  till  at  length  it  ceafes, 

F  and 
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and  all  the  other  functions  are  fufpended ; 
and  it  is  alfo  known,  that  when  refpira- 
tion  is  obftrudted,  fymptoms  very  fimilar 
are  produced.  How  are  thefe  fadts  con- 
nedted  together  ? 

It  has  been  fhown  already,  that,  when 
the  fame  air  is  breathed  feveral  times,  or 
when  it  is  retained  in  the  lungs  longer  than 
ufual,  there  is  a  gradual  diminution  of  de- 
phlogifticated  air,  and  an  increafe  of  fixed 
air,  Thefe  fymptoms  then  mu  ft  arife  from 
one  of  thefe  circumftances  ;  either  from  the 
noxious  quality  of  the  additional  fixed  air, 
or  from  the  want  of  the  falutary  quality  of 
the  abfent  dephlogiflicated  air :  but  the 
additional  fixed  air  exerts  no  noxious  quality 
in  the  lungs ;  becaufe  it  may  be  breathed 
in  a  much  greater  quantity  without  any 
inconvenience  when  mixed  with  atmofphe- 
ric  air  :  they  muff  then  be  attributed  to  the 

gradual 
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gradual  diminution  of  the  dephlogifticated 
air. 

When  the  dephlogifticated  air  is  thus 
diminifhed,  the  ordinary  change  of  colour 
which  the  blood  undergoes  in  the  lungs 
will  be  alfo  diminifhed,  till  at  length  it 
will  pafs  through  the  pulmonary  veins  with 
the  fame  black  colour  as  when  it  entered 
into  the  arteries. 

This  has  been  already  in  a  great  meafure 
demonftrated  in  the  examples  of  artificial 
inflation ;  and  it  may  be  feen  ftill  better  in 
the  toad  and  the  lizard*  where  the  lungs 
may  be  expofed  a  long  time  without  de- 
ftroying  the  life  of  the  animah 

I  forced  a  confiderable  quantity  of  air 
into  the  lungs  of  a  fmall  dog,  whofe  fternum 
had  been  removed,  and  confined  it  there 
by  a  tight  ligature  round  the  trachea :  the 

F  2  blood 


/ 
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blood,  continuing  to  circulate  through  the 
lungs  in  this  ftate,  began  immediately  to 
put  on  a  fhade  of  brown  in  the  trunks  of 
the  pulmonary  veins ;  and  in  lefs  than  two 
minutes  it  became  very  black. 


With  the  fame  view  I  provided  a  large 
toad,  and  expofed  his  lungs  on  both  lides  j 
and  while  they  were  filled  with  air,  I  im- 
merfed  him  in  a  fmall  glafs  receiver  con¬ 
taining  water.  When  he  was  firft  put  into 
the  water,  the  blood  circulating  through 
his  lungs  was  florid :  when  he  had  conti¬ 
nued  in  the  water  twenty  minutes,  the 
lungs  ftill  filled  with  air,  the  blood  in  all 
the  pulmonary  veflels  became  gradually 
dark-coloured,  till  at  length  it  was  black. 
This  was  repeated  feveral  times  with  the 
fame  animal,  and  once  or  twice  ano  with 
lizards ;  and  in  all  the  inftances  where  they 

retained  the  air  in  their  lungs  a  long  time 

after 
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after  immerfion,  the  pulmonary  blood  be¬ 
came  gradually  black. 

It  follows,  therefore,  that  when  the  de- 
phlogifticated  air  is  gradually  diminifhed, 
the  blood  pafiing  through  the  veffels  of  the 
lungs  does  not  undergo  the  changes  of  co¬ 
lour  which  take  place  in  ordinary  refpira- 
tion ;  and  that  the  fymptoms  which  follow 
obftrudted  refpiration  muft  be  attributed  to 
this  particular  quality  of  the  blood.  But 
by  what  means  it  produces  thefe  fymptoms, 
we  next  inquire. 

The  firfl  fuppofition  is,  that  it  exerts 
fome  noxious  quality  on  the  nerves  of  the 
lungs,  which  is  communicated  by  them  to 
the  brain. 

If  it  operates  in  this  manner,  the  fame 
fymptoms  will  not  be  produced  by  ob- 

F  *2  ftrufted 
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ftrudted  refpiration,  when  the  nerves  diftri- 
buted  on  the  lungs  are  fo  divided  that  their 
communication  with  the  brain  is  inter¬ 
cepted. 

To  afcertain  this,  I  provided  a  fmall  dog, 
and  divided  the  trunks  of  the  par  vagum 
and  great  interccftal  nerves  on  each  fide  of 
the  neck  about  an  inch  below  the  larynx : 
the  fkin  was  then  fewed  up,  and  the  animal 
appeared  to  fuffer  no  other  inconvenience 
than  a  laborious  refpiration.  The  next  day 
I  put  him  under  a  glafs  bell  inverted,  and 
filled  with  atmofpheric  air.  When  he  had 
continued  there  feveral  minutes,  the  refpi¬ 
ration  became  difficult  j  and  foon  after  he 
fell  down  without  any  fign  of  life.  I  di¬ 
vided  the  nerves  of  another  dog  in  the  fame 
manner ;  and  the  day  following  I  pafled  a 
ligature  round  the  trachea,  and  obftrudted 
the  refpiration :  foon  afterward  he  fell 
down  without  any  fign  of  life. 
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It  appears,  then,  that  the  black  blood 
produces  the  fame  fymptoms  when  the 
nerves  of  the  lungs  have  no  immediate 
communication  with  the  brain ;  and  hence, 
in  the  cafes  of  obftrudted  refpiration,  it  can 
exert  no  fuch  noxious  quality  on  the  brain 
by  the  mediation  of  the  nerves. 

From  the  lungs  this  black  blood  pafles 
immediately  into  the  finus  venofus  and  left 
auricle  of  the  heart.  What  changes  does 
it  produce  there  ? 

The  only  fenfible  change  it  can  produce 
in  the  heart,  is  in  its  contractions ;  and 
thefc  may  be  eafily  obferved  by  inflating  the 
lungs,  when  the  flernum  is  removed,  and 
the  pericardium  opened  in  fuch  a  manner 
that  the  motions  of  the  auricles  and  ventri¬ 
cles  may  be  diftindtly  perceived. 


I  made 


I  made  thefe  experiments  with  ail  the 
circumftances  here  mentioned ;  and  in  the 
procefs  of  inflation  I  attended  carefully  to 
the  changes  in  the  colour  of  the  blood,  and 
in  the  correfponding  contractions  in  the  left 
auricle  and  ventricle  of  the  heart ;  and  in 
all  -the  examples,  I  obferved  that  wnen  the 
blood  which  pafled  into  the  left  auricle  was 
florid,  the  auricle  and  ventricle  contracted 

4  9 

ftrongly,  and  the  circulation  went  on  as  m 
health ;  but  when  the  blood  began  to  put 


on  a  fhade  of  brown,  the  contractions  were 
dimmifhed  j  and  when  it  was  black,  the 


contractions  ceafed,  although  t*je  auricle 
was  diftended  with  blood ;  ana  as  the  co n- 
traCtions  ceafed,  the  functions  of  the  body 
were  fufpended ;  but  as  foon  as  the  florid 


colour  began  to  be  reftored,  tne  auricle  and 


refumed  their  contractions. 


gradually  recovered  their  natural  ft  ate  ; 
and  all  the  other  functions  returned. 


In 
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In  thefe  examples  the  contractions  of  the 
left  auricle  and  ventricle  are  immediately 
affedted  by  the  quality  of  the  blood  (a)  pafs- 
ing  into  them ;  for  when  they  ceafe,  the 
auricle  is  filled  with  black  blood  :  but  not-' 
withflanding  thefe  fa&s,  to  fuclr  as  have 

particular 


( a )  This  explanation  has  been  objeCted  to  by  fome 
perfons,  on  very  refpeCtable  authority.  It  has  been 
faid  that  the  heart  refumes  its  contractions  at  the 
firft  inflation  ;  and,  as  the  blood  in  its  cavity  cannot 
be  fuppoled  to  be  changed  fo  foon,  the  renewal  of 
the  natural  contractions  mu  ft  arife  from  fome  other 
caufe.  But  thefe  two  circumftances  are  only  after- 
tions,  which  have  not  yet  been  demonftrated.  Be¬ 
tides,  fome  contraCtile  motion  may  be  produced  in 
the  heart  by  the  agitation  it  fuffers  from  the  firft 
diftention  of  the  lungs,  in  the  fame  manner  as  feeble 
contractions  are  produced  in  the  hearts  of  amphi¬ 
bious  animals  out  of  the  body  by  agitation,  or  gen¬ 
tle  compreffion  ;  but  thefe  motions  are  not  fo  ftrong 
as  the  natural  contractions,  and  they  ought  to  be 
carefully  dillinguifhed  from  them. 


/ 
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r 

particular  opinions  about  the  manner  in 
which  the  blood  adts  upon  the  heart,  it 
may  not  appear  clear  that  thele  alterations 
in  the  contractions  arofe  from  the  quality 
of  the  blood  alone.  This  difficulty,  how¬ 
ever,  may  be  removed  by  attending  to  fimilar 
experiments  in  the  amphibious  animals  (#)* 

where 


(a)  Some  refpe&able  writers  have  employed  the 
word  fympathy ,  to  exprefs  or  explain  the  connexion 
between  the  heart  and  lungs.  When  the  lungs  are 
inflated,  the  heart  moves,  they  fay,  by  fympathy  ; 
but,  as  they  have  not  defined  the  fenfe  in  which  the 
term  is  here  employed,  no  one  can  judge  of  the 
propriety  of  their  realoning.  If  by  fympathy  they 
mean  here  a  feparate  principle  or  quality  that  is 
fuppofed  to  lie  hid  in  the  body,  it  is  only  a  particu¬ 
lar  name  for  one  of  the  occult  qualities  of  the  peri¬ 
patetic  fchool,  which  cannot  be  proved  to  exifli  ; 


and,  as  they  convey  no  information  to  the  mind, 
they  have  been  long  fince  banifhed  from  all  chafle 
philofophy. 
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where  the  heart  has  only  one  auricle  and 
ventricle,  where  the  pulmonary  artery  is  a 

fmall 


If  the  term  be  intended  to  exprefs  a  mechanical 
caufe,  to  affert  that  the  motion  of  the  lungs  in  refpi- 
ration  keeps  up  the  natural  contractions  of  the  heart 
mechanically,  the  affertlon  is  notfupported  by  faCts : 
for,  if  it  were  fo,  the  motion  of  the  lungs  would 
be  alone  fufficient  to  keep  up  the  contractions  of  the 
heart,  and  any  kind  of  aerial  fluid  would  be  then 
equally  effectual  in  refpiration  ;  and  whenever  the 
motion  of  the  lungs  ceafed  for  a  while,  the  con¬ 
tractions  of  the  heart  would  always  ceafe  alfo :  hut 
there  are  feveral  kinds  of  aerial  fluids  which  are  not 
fufficient  for  the  purpofes  of  refpiration  ;  for  when 
animals  breathe  them  feparately,  the  contractions  of 
the  heart  ceafe,  even  while  the  refpiration  continues  j 
and  when  the  amphibious  animals  are  immerfed 
in  water,  the  motion  of  the  lungs  ceafes,  yet  the 
natural  contractions  of  the  heart  continue  upwards 
of  an  hour  afterward  ;  which  could  not  happen,  if 
the  motion  of  the  lungs  occafioned  thefe  contractions 

But 


tnechanically 
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frnall  branch  from  the  aorta,  and  the  pul¬ 
monary  vein  proportionally  fmall  empties 
itfelf  into  the  finus  venofus  and  auricle 
along  with  the  vena  cava  afcendens,  which 
carries  the  principal  part  of  the  blood. 
Here  the  quantity  of  blood  brought  by  the 
vena  cava  would  be  fufficient  to  keep  up 
the  addon  of  the  heart,  independent  of  the 
pulmonary  circulation,  if  quantity  alone 

were 

* 


But  probably  the  term  is  ufed  here  in  its  original 
and  more  confined  fignification ;  u  e,  to  exprefs  the 
co-exiftence  of  effects,  or  the  confiancy  with  which 
one  change  in  the  body  follows  or  accompanies 
another,  without  any  regard  to  the  efficient  cauie 
of  either,  or  to  the  manner  or  probability  of  their 
connexion.  In  this  fenfe,  as  it  exp  relies  only  the 
fa&,  no  one  can  object  to  the  ufe  of  it :  but  I  can¬ 
not  with  propriety  employ  the  word  in  this  inquiry, 
as  my  obje£t  is  „to  trace  the  manner  of  this  con¬ 
nexion  between  the  lungs  and  the  heart,  and  to  fill 
up  the  chafm  by  invefbi  gating  their  proper  caufes. 
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were  required  $  and  the  coats  of  the  fines 
venofus  and  auricle,  as  well  as  thole  of  the 
blood  veflels,  are  al  mo  ft  tranfparent :  the 
lungs  alfo  contain  a  quantity  of  air  fufficient 
to  furnilh  the  neceffary  chymical  changes 
to  the  pulmonary  blood  for  a  confiderable 
time  without  any  communication  with  the 
atmofphere;  fo  that  the  alterations  which 
take  place  in  the  colour  of  the  blood,  and 
in  the  motions  of  the  heart,  in  confequence 
of  obflructed  refpiration,  are  more  gradual 
and  diftindt  than  in  the  animals  with  double 
hearts,  in  which  all  the  blood  paffes  through 
the  lungs. 

I  confined  a  large  living  toad  on  a  plate 
of  metal,  with  his  belly  upwards ;  then  I 
removed  a  part  of  the  fternum,  and  his 
heart  and  lungs  were  expofed  to  view. 
The  lungs  were  then  filled  with  air ;  the 
blood  in  the  pulmonary  veins  was  florid, 

and 
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and  the  heart  contracted  44  times  in  a 
minute.  In  this  date  he  was  immerfed  in 
a  fmall  quantity  of  tranfparent  water,  where 
the  alterations  in  the  colour  of  the  blood, 
and  in  the  contractions  of  the  heart,  could 
be  accurately  didinguifhed.  When  he  had 
remained  in  the  water  1 5  minutes,  the 
blood  in  the  lungs  began  to  put  on  a  dark 
colour,  and  the  contractions  of  the  heart 
were  dimimfhed  to  30.  In  15  minutes 
more  the  dark  colour  of  the  blood  was 
increafed,  and  the  contractions  ot  the  heart 
were  18.  The  animal  now  made  fevera! 
druggies  to  relieve  itfelf,  and  threw  fome 
air  out  of  its  lungs;  but  the  pulmonary 
blood  becoming  Hill  more  dark  coloured, 
the  contractions  of  the  heart  were  dimi- 
nifhed  dill  further,  and  in  40  minutes  more 
they  ceafed;  although  the  finus  venofus 
and  auricle,  and  the  trunk  of  the  vena  cava, 
were  filled  with  black  blood.  The  animal 


was 
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was  now  removed  from  the  water,  without 
any  figns  of  life  •  but  before  the  expiration 
of  two  minutes  he  opened  his  mouth,  and 
took  a  large  quantity  of  frefh  air  into 
his  lungs.  Soon  after,  he  emptied  them 
almoft  entirely ;  and  this  was  repeated  feve- 
ral  times.  During  the  procefs,  the  blood 
in  the  pulmonary  veins  began  to  be  florid, 
and  the  heart  to  renew  its  contractions  • 
and  in  15  minutes  from  the  firfi:  infla« 
tion  the  contractions  of  the  heart  were 
35,  all  the  functions  were  recovered,  and 
he  walked  about  without  any  expreflions  of 
uneafinefs. 

This  experiment  was  repeated  feveral 
times  on  the  fame  toad ;  and  fometimes, 
when  he  did  not  fill  his  lungs,  after  being 
removed  from  the  water,  we  injedted  fome 
air  into  them  with  a  blow-pipe,  and  prefled 
it  out  afterward,  in  imitation  of  the 

example 
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example  he  had  given  us ;  and  by  thefd 
means  we  renewed  the  contractions  of  the 
heart  feveral  times.  But  at  length  he  was 
removed  from  the  water,  and  fuffered  to 
remain  an  hour  before  frefh  air  was  injeCted 
into  his  lungs.  Soon  after  it  was  injected, 
the  blood  in  the  pulmonary  veins  became 
florid  s  but  the  heart  did  not  again  renew 
its  contractions. 


Thefe  circumftances  were  repeated  after¬ 
ward  in  the  lizard  ;  and  in  all  the  examples 
the  contractions  of  the  heart  were  dimi- 
niflied  in  frequency,  in  proportion  as  the 
blood  from  the  lungs  became  dark  coloured  $ 
and  they  were  renewed,  when  it  became 
florid,  in  the  fame  manner  as  in  the  expe¬ 
riment  with  the  toad. 

In  all  thefe  examples  the  quantity  of 

blood  which  came  to  the  heart  was  fully 

fufficient 


Sufficient  to  keep  up  its  contractions ;  and 
ftill  they  were  gradually  diminifhed  in  pro¬ 
portion  as  the  pulmonary  blood  became 
darker;  and  when  it  was  black,  they  ceafed 
entirely.  Thefe  alterations,  therefore,  in 
the  heart’s  motion,  mu  ft  arife  from  the 
quality  of  the  blood  only. 

But  it  may  be  questioned,  by  what  means 
the  quality  of  the  blood  can  diminifh  the 
motion  of  the  heart  ?  It  muft  either  exert 
fome  noxious  power  on  the  heart  itfelf,  or 
it  muft  be  an  infufficient  ftimulus  to  excite 
its  contractions. 

If  it  exerted  a  noxious  power  upon  the 
heart  itfelf,  it  muft  diminifti  or  deftroy  the 
faculty  of  contraction  {a) ;  and  if  it  dimi¬ 
nished  or  deftroyed  the  faculty  of  contrac- 

G  tion. 


(a)  By  “  faculty  of  contraction  in  the  heart,55  I 
mean  that  quality  by  which  it  is  ciifpofed  to  propel 
the  blood  through  the  circulating  fyftem. 
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tion*  the  heart  would  not  contrad  again 
when  thofe  means  are  applied  which  are 
neceffary  to  produce  the  contradions :  but 
in  all  thefe  experiments,  where  the  heart 
ceafed  to  con  trad  when  the  blood  which 
paffed  into  it  was  black,  as  foon  as  fome 
air  had  been  received  into  the  lungs  to 
change  a  part  of  this  blood  to  a  flond 
colour,  the  contradions  of  the  heart  were 
renewed,  and  foon  returned  to  their  natural 

date. 


Therefore  this  black  blood  exerts  no 
noxious  power  upon  the  heart  itfelf ;  and 
we  mult  conclude  that,  in  all  thele  cafes  of 
obftruded  refpiration,  the  heart  ceafed  to 
contrad,  becaufe  the  blood  which  paffed 
Into  it  was  an  infufficient  ftimulus  (a). 

And 


(a)  This  conclufion  may  perhaps,  at  firft,  appear 

lingular;  as  the  fame  black  blood  is  a  fufficient 

ftimulus 
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And  hence  it  follows,  That  the  chymical 
change  which  the  blood  undergoes  in  the  lungs 


ftimulus  to  the  right  auricle  and  ventricle ;  becaufe 
it  is  expelled  from  them  juft  before,  when  it  enters 
into  the  lungs  :  and  if  it  be  a  fullicient  ftimulus  to 
excite  the  contractions  of  the  heart  on  the  right  fide, 
why  not  on  the  left  alfo  ? 

But  it  muft  be  remembered,  that  the  two  tides  of 
the  heart  do  not  refemble  each  other  exaCtly  in  all. 
their  qualities  :  there  is  a  conf  derable  difference 
between  them,  both  In  refipeCi  to  the  quatitity  of  mufcular 
fibre ,  and  the  facility  of  being  excited  to  contraction  ;  and 
this  alone  is  fufficient  to  difarm  the  objection. 

But,  even  if  there  were  no  fuch  difference,  the 
inifance  is  not  peculiar  to  the  heart ;  there  are  feve- 
ral  examples  in  the  animal  body,  where  mufcles  of 
a  limilar  ftruCture  are  not  excited  to  contraction  by 
the  fame  or  a  f  milar  power :  fome  of  the  mufcles 
are  thrown  into  contraction  by  the  will;  fomc,  by 
particular  conceptions  of  the  mind  ;  and  fome,  by 
chymical  flimuli  :  yet  none  of  thefe  different  powers 
will  produce  a  perfeCt  contraction  of  thofe  mufcles 

G  2  to 
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by  refpiration,  gives  it  a  jhmulating  quality  9 
by  which  it  is  fitted  to  excite  the  left  auricle 

and  ventricle  to  contraction* 

From  all  thefe  experiments  we  draw  the 
following  conclufions : 

i  ft,  A  quantity  of  dephlogifticated  air  is 
feparated  from  the  atmofpheric  air  in  the 
lungs  by  refpiration,  and  a  quantity  of  fixed 
air  is  added  to  it. 

2dly,  The  dephlogifticated  air  exerts  a 
chymical  action  on  the  pulmonary  blood  $ 
in  confequence  of  which  it  acquires  a  florid 

colour. 

3>dly,  In 


to  which  they  are  not  adapted  by  nature.  Objec¬ 
tions  of  this  kind,  therefore,  do  not  apply  immedi¬ 
ately  to  our  conclusions,  but  rather  to  the  general 
law  in  animal  bodies,  which  muff  be  regarded  at 

prefent  as  an  ultimate  fat?* 
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jdly,  In  ordinary  refpiration  this  florid 
colour  is  feen  diftindlly  as  the  blood  pafles 
into  the  left  auricle  3  and  the  heart  con- 
tradts  then  with  its  natural  force  and  fre¬ 
quency. 

4thly,  When  refpiration  is  obftrudted, 
the  florid  colour  is  gradually  diminifhed, 
and  the  contractions  of  the  left  auricle  and 
ventricle  foon  ceafe. 

5  thly.  This  ceflation  of  contraction  arifes 
from  a  defedt  of  a  ftimulating  quality  in 
the  blood  itfelf. 

And  hence  it  follows, 

That  the  chymica l  quality  which  the  blood 
acquires  in  puffing  through  the  lungs ,  is 
neeeffiary  to  keep  up  the  ddlion  of  the  heart , 
and ,  confequently ,  the  health  of  the  body . 

G  3  SECTION 


[  86  ) 


. .  — — — ■  ii  i  in  iiiw  eangca 


SECTION  V0 

To  determine  the  Nature  of  the  Difeafe  pro¬ 
duced  by  Submerfon . 

It  has  been  fhown,  in  the  Firft  Section, 
that  animals  confined  in  water  throw  out 
fmall  quantities  of  air,  and  then  endeavour 
to  take  fome  in  from  the  atmofphere.  By 
thefe  efforts  a  portion  of  the  furrounding 
fluid  pafles  into  their  mouths,  and  often 
defcends  into  the  lungs ;  but  the  quantity 
is  not  fufficient  to  produce  the  fymptoms 
which  afterward  appear :  (fee  the  Experi¬ 
ments  in  the  Second  Section  :)  in  the  ca¬ 
vity  of  the  lungs  it  mixes  with  the  air, 
and  increafes  the  dilatation  of  the  air-cells ; 
in  confequence  of  which  the  lungs  are  in  a 

middle 


[  8  7  ] 

middle  ftate  of  dilatation ;  that  is,  between 
expiration  and  infpiration  :  and  in  this  ftate 
the  blood  circulates  through  the  pulmonary 
veffels  with  fufficient  freedom  to  keep  up 
the  health  of  the  fyftem  ;  (fee  the  Conclu- 
fions  in  the  Third  SeCtion  $■)  therefore  the 
fymptoms  are  not  produced  by  an  obft ruc¬ 
tion  of  the  circulation  through  the  lungs* 

From  the  fituatiori  of  the  animal,  the 

• 

air  and  water  are  confined  in  the  lungs ; 
and  the  dephlogifticated  air  which  it  con¬ 
tains  is  gradually  confumed ;  and  confe- 
quently  the  blood  palling  through  the  pul¬ 
monary  veffels  receives  lefs  and  lefs  of  its 
florid  colour,  and  the  contractions  of  the 
heart  become  proportionally  flower,  until 
they  ceafe  entirely  (fee  the  Experiments 
and  Conclufions  of  the  Fourth  Sedtion), 
although  the  faculty  of  contraction  itill 
remains. 


G  4 
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It  appears,  then,  that  the  ceffation  of  the 
heart’s  motion  may  be  fully  accounted  for 
from  the  adtion  of  the  water  preventing  the 
entrance  of  the  air  into  the  lungs. 

Let  us  next  inquire,  if  the  other  parti¬ 
cular  fy  nap  to  ms  (fee  the  Firft  Sedion)  can 
be  traced  to  the  obftru&ion  of  refpiration, 
and  to  the  confequent  ceffation  of  the  heart, 
as  their  proper  caufe. 

In  proportion  as  the  colour  of  the  blood 
palling  through  the  lungs  is  darker,  the 
contractions  of  the  left  auricle  and  ventricle, 
and  the  correjp o n di ng  pulfations  of  the  arte¬ 
ries,  become  weaker,  and  the  current  of  the 
blood  flower  j  and  whilft  the  blood  moves 
flowly  in  the  larger  trunks,  it  begins  to 
ftagriate  in  the  fmaller  branches  of  tne 

O 

arteries  and  veins,  where  the  refinance  to 
its  paflage  is  greateft.  At  length,  when  the 

pulmonary 
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pulmonary  blood  is  no  longer  fitted  to  ex¬ 
cite  the  finus  venofus  and  auricle  to  con¬ 
traction,  they  receive  it  into  their  cavity , 
and  remain  at  reji .  As  loon  as  they  ceafe 
to  contraCt,  and  propel  the  blood  to  the 
head,  all  the  intellectual  operations  ceafe  [a), 
fenfation  and  voluntary  motion  are  Jufp ended , 
and  the  external  figns  of  life  dif appear ;  and 
the  black  blood  remaining*  at  reft  in  the 
arteries,  and  particularly  in  the  fmailer 

branches 


'  ( a )  Whatever  may  be  the  efficient  canfe  of  the 
intellectual  operations,  fenfation,  &c.  the  circula¬ 
tion  of  the  blood  through  the  brain  is  an  indifpen- 
fable  condition  for  them  in  all  the  more  perfect 
animals.  This  is  proved  by  the  familiar  examples  of 
fainting  from  fudden  or  great  Ioffes  of  blood  ;  where, 
as  foon  as  the  motions  of  the  heart  can  be  perceived 
to  ceafe,  confcioufnefs,  and  all  the  other  operations 
attributed  to  the  mind,  difappear ;  and  when  the 
aCtion  of  the  heart  is  reftored,  they  all  return 
again. 
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branches  of  the  arteries  and  veins,  occa- 
lions  the  blue  colour  upon  different  parts  oj 
the  body  {a)>  but  efpecially  about  the  face  and 

lipSy 


(tf)  It  appears  from  the  diiTedlion  (fee  Se£l.  V.) 
that  this  particular  blue  colour  of  the  face,  Ac. 
arifes  from  the  prefence  of  the  black  blood  in  the 
fmaller  branches  of  the  arteries  and  veins ;  and  it  is 
flill  further  confirmed  by  the  following  remarkable 
cafe  in  the  Oblervationes  Anatomicas  of  Sandifort, 
of  the  authenticity  of  which  I  have  abundant  con¬ 
firmation  from  living  teflimony.  The  fubjedt  is  a 
boy  born  in  1764.. 

“  In  the  fecond  year  of  his  age  the  nails  of  his 
finders  were  obferved  to  become  blue  ;  but  this  blue- 
nets  often  difappeared,  and  returned  again,  for  the 
fpace  of  a  year,  when  a  general  languor  came  on, 
and  forne  livid  fpots  were  obferved  on  his  face, 
which  increafed  very  much  by  exercife,  till  foon 
after  the  whole  face  became  blue  on  the  fmallefl 
exertion  of  the  body,  and  particularly  the  lips  and 
tongue.  Towards  the  latter  end  of  the  year  he 

perceived 
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lips ,  where  the  number  of  fuperficial  veffels 
is  mod  con iider able.  After  the  left  auricle 

and 

perceived  an  anxiety  about  his  breaft,  and  com¬ 
plained  of  a  general  coldnefs  of  the  body,  which 
was  not  relieved  by  the  application  of  external  heat* 
Blood-letting  relieved  the  anxiety  in  the  breaft  :  his 
blood  was  very  black,  and  did  not  feparate  properly 
into  ferum  and  craflamentum.  In  the  third  year  he 
perceived  frequent  palpitations  of  the  heart,  for 
which  the  cold  bath  and  exercife  were  recommended ; 
but  they  feemed  to  aggravate  his  complaints.  Thefe 
fymptoms  continued  ftationary  until  the  10th  year, 
when  they  were  confiderably  increafed,  ana  he  had 
a  fpitting  of  blood. 

cc  In  the  nth  year  he  perceived  an  anxiety  In  his 
breaft  upon  the  flighted  motion  of  the  body,  and 
he  frequently  fainted  :  the  face  alfo  feemed  to  be  a 
little  fwelled,  and  the  blue  colour  was  much  in¬ 
creafed.  At  length  his  legs  became  oedematous,  and 
he  died.  On  opening  the  thorax,  it  was  found  that 
the  aorta  took  its  origin  from  both  the  ventricles  of 
the  heart ;  one  and  a  half  of  the  valvulae  femilunares 


were 
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and  ventricle  have  ceafed  to  contrail,  the  right 
auricle  and  ventricle  are  Hill  expofed  to  the 
addon  of  thofe  means  which  naturally  ex¬ 
cite  them  to  contraction,  and  they  continue  to 
contract  for  federal  minutes,  and  propel  the 
black  blood  into  the  pulmonary  arteries  : 
this  occafions  an  accumulation  in  the  pul¬ 
monary  veffels,  and  a  livid  colour  on  the 
lungs :  but  from  the  refinance  to  the  en¬ 
trance  of  the  blood  into  the  pulmonary 
arteries,  and  from  the  want  of  the  fynchro- 
nic  affiftance  of  the  left  ventricle,  the  con- 
t  radians  of  the  right  become  gradually 
more  feeble,  until  at  length  they  ceafe ; 
and  the  right  auricle,  being  boon  after  greatly 

diftended 


were  extended  over  the  right  ventricle,  and  one  and 
a  half  over  the  left  ventricle  ;  fo  that  half  the  quan¬ 
tity  of  blood  which  paffed  into  the  aorta  was  always 
black,  not  having  paffed  through  the  lungs  to  un¬ 
dergo  the  alteration  of  colour.” 

o 
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V 

diftended  with  blood,  ceafes  to  contract 
alfo;  yet  the  faculty  of  contradion  ftill 
remains. 

Thus  we  have  traced  the  connexion  of 
the  fymptoms,  and  the  confequent  ceffation 
of  the  heart,  to  the  obftrudion  of  refpira- 
tion,  as  to  their  proper  caufe .  It  remains  ■ 
only  now  to  afcertain  the  name  of  the  dif- 
eafe,  and  the  place  it  fhould  have  in  nofb- 
logy. 

As  the  gradual  diminution  of  the  pulfe 
is  a  conftant  fymptom  of  this  difeafe,  it 
was  firfl:  called  Syncope  [a)  :  but,  from 

•s. 

fome  peculiarities  afterwards  obferved,  phy- 
ficians  thought  proper  to  diftinguifh  it  from 

the 


(<j)  Syncope.  Motus  cordis  imminutus,  vel  all 
quamdiu  quiefeens.  Nofol.  Cullen,  Genus  64. 
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the  milder  kinds  of  Syncope,  and  called  it 
Afphyxia  (a) ;  and  this  name  has  been  ge¬ 
nerally  retained.  But  another  difficulty 
arofe  about  the  place  it  ffiould  have  in  no- 
fology;  and,  on  account  of  the  obfcurity 
of  its  nature,  it  was  for  fome  time  excluded 
from  every  fyftem.  At  length  it  appeared 
probable,  from  the  general  mafs  of  obfer- 
vations  and  experiments,  that  the  dimi¬ 
nished  addon  of  the  heart  and  arteries  arofe 
from  a  morbid  Hate  of  the  brain,  occa- 
fioned  by  the  preffure  of  fome  blood.  In 
confequence  of  this,  the  primary  affedion 
was  called  Apoplexy,  and  the  diminished 
adion  of  the  heart  only  a  fymptom  5  and 
the  difeafe  was  placed  under  the  genus 

Apoplexia, 


(a)  Ac-Cv^x.  Deletis  omnibus  vitae  indiciis,  acce~ 
dente  etiam  fuffocatione,  mortis  imaginem  ita  refert 
■ut  merito  dubitetur,  vitamne,  an  mortem  predicare 
fas  lit.- — -Inft.  Patliol.  H.  D.  Gaubii. 


[  95  J 

Apoplexia,  where  it  ftill  remains  (a).  if, 
however,  we  are  to  coniider  the  primary 
morbid  affedlion  of  the  body  as  the  difeafe 
itfelf  (b),  and  ail  the  confequent  appear- 
ances  only  as  fymptoms  •  this  difeafe  is  in 
the  blood,  and  con  fits  in  the  pre fence  of 
this  black  blood  in  the  left  fide  of  the  heart 
and  arterial  fyftem  ;  and  the  diminution  of 
the  adtion  of  the  heart  and  arteries,  and 
the  blue  colour  of  the  face,  &c.  &c.  are 
only  fymptoms  :  this  difeafe,  therefore, 
might  with  more  propriety  be  named 
Melanaema  (c),  and  chaffed  with  others 
which  have  fame  refemblance  to  it. 

■  As 


(<2)  Synoplis  Nofolog.  Cullen,  pag.  190. 

(b)  Status  ille  corporis  humani  viventis,  quo  lit, 
ut  aftiones  homini  propriae  non  pofiint  appetite  ad 
leges  fanitatis  exerceri,  Morbus  dicitur. 

Inft.  Pathol.  H.  D.  Gaubii; 

(c)  Ex  [tshocv  ama,  fanguis  niger. 


[  96  ] 

As  there  is  no  Pyrexia  here,  nor  any pri¬ 
mary  Neurojis ,  and  as  the  alteration  of 
colour  in  the  {kin  is  a  conftant  fymptom, 

would  it  not  be  more  confident  with  the 

* 

principles  of  nofological  arrangement  to 
place  it  in  the  clafs  Cachexia,  and  order 
Impetigo  ?  And  fince  there  is  no  genus  tor 
thefe  difeafes,  may  we  not  propofe  one  with 
with  this  name  and  definition  ? 

Melanoma, 

impedita  fanguims  venofi  m  arteriofum  con« 
verlio,  cujus  figna,  Syncope,  et  livor  cutis. 

And  this  genus-  would  afford  an  afylum 
to  feveral  nofological  wanderers  that  have 
not  yet  found  a  permanent  refting-place  2 
for  it  is  a  natural  corifequence  of  thefe  ex¬ 
periments,  that  the  difeafes  wiiich  are 
brought  on  by  hanging  (a),  by  breathing 

fixed 


O  It  is  feme  what  extraordinary  that  the  greater 
part  of  practitioners  frill  fuppofe  the  death,  which 

follows 
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fixed  or  phlogiflicated  air,  are  all  produced 
by  this  black  blood  going  into  the  heart 
unchanged  by  refpiration ;  and  they  fhould 
be  therefore  placed  in  the  fame  family  {a)  : 
but,  as  name  and  arrangement  are  only  of 
fecondary  importance,  when  the  nature  of 
a  difeafe  is  afcertained,  it  may  perhaps  be 

more 


follows  Hanging,  to  he  produced  by  coitipreffion  on 
the  brain  ;  notwithstanding  the  number  of  faffs  in 
furgery  which  fhow,  that  a  preffure  on  the  brain, 
much  greater  than  could  be  fuppofed  to  arife  from 
any  quantity  of  blood  accumulated  there  by  hang¬ 
ing,  will  not  diminifh  the  contractions  of  the  heart 
immediately,  nor  often  for  feveral  hours,  and  even 
davs,  afterward. 

(a)  Perhaps  in  this  manner  : 

Melanaema  a  Submerfione, 

- — — - - a  Sufpenfione, 

- ab  Infpiratione  Aeris  fixi, 

- - - - ab  Infpiratione  Aeris  phloglhicati, 

H 
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more  agreeable  to  general  prejudice  to  re¬ 
tain  the  accuftomed  title  Afphyxia,  and  to 
arrange  it  as  a  Symptomatic  Syncope,  witn 
fomething  added  to  exprefs  the  primal  y 

affedion :  as 

Afphyxia  a  /anguine  venofo  in  auriculam 
et  ventriculum  f niff  os  tranfeunte . 

Thefe,  however,  are  only  propofals  lor  the 
consideration  of  Nofologifts,  which  we  will¬ 
ingly  leave  to  their  future  determination. 


SECTION 
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SECTION  VI. 

To  determine  the  Condition  of  the  Body  in 
this  Difeafe ,  and  the  Means  of  dijiinguijh- 
ing  it  from  Death  itfelf 

Op  animal  bodies  there  are  only  two  gene¬ 
ral  conditions.  Life  and  Death  ;  and  ilnce  by 
death  we  underftand  the  privation  of  life, 
there  can  be  no  intermediate  ftate  between 
them.  Of  the  body  in  this  difeafe,  we 
can  fay  with  propriety  only,  that  it  is  alive, 
or  that  it  is  dead.  If  it  were  really  dead, 
it  would  neceifarily  follow,  that  the  means, 
which  are  employed  to  recover  it,  in  the 
different  experiments  of  the  Fourth  Section, 
mull  be  fuppofed  to  communicate  life  to 
dead  matter,  which  is  impoffible :  the 

H  1  body 


/ 
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body  is  therefore  alive,  but  with  a  degree 
of  life  lefs  perfect  than  in  the  ordinary  date 
of  health ;  and  fince  a  difference  in  degree 
does  not  occafion  an  alteration  in  kind(^), 
the  body  mud  ftill  retain  that  principle 
which  is  the  immediate  caufe  of  all  the 
functions,  that  are  performed  in  health  (b) ; 
only  it  is  not  now  excited  to  adtion ;  becaufe 
the  external  concomitant  circumftances, 
which  operated  upon  it  in  health,  are  re¬ 
moved.  Thefe  external  circumftances  are 
heat  and  refpiration. 

To 


(a)  Majus  aut  minus  non  variat  fpeciem. 

(^)  Hence  it  appears,  that  there  is  a  ftriking  im¬ 
propriety  in  the  terms,  which  are  commonly  em¬ 
ployed  to  exprefs  the  (late  of  the  body  in  this  difeafe* 
Viz.  £ i  Jufj) ended  life ^  ii  fu [pended  animation^  ckc.  and 
thefe  terms  ought  to  be  laid  alide  ;  becaufe  they  lead 
mankind  to  believe  themfelves  capable  of  reanimating 
or  refufcitating  a  lifelefs  mafs,  when  they  only  cute  a 
difeafe. 
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To  afcertain  the  feat  of  this  principle, 
we  inquire  into  the  effedts  of  the  privation 
of  heat  and  refpiration  on  the  living  body* 

It  is  generally  known,  that  a  fmall  dimi¬ 
nution  of  the  ordinary  temperature  of  the 
body  will  not  occalion  a  fufpenlion  of  any 
of  its  functions :  but  it  is  alfo  known,  that 
a  considerable  diminution  of  the  ordinary 
temperature  of  the  body  will  occalion  a 
fufpenlion  of  the  greater  part  of  its  func¬ 
tions  (a) .  A  certain  degree  of  heat,  there¬ 
fore,  in  living  bodies  is  indifpenfably  need- 
fary  to  keep  up  the  functions  of  health. 
But  although  the  heat  be  indifpenfably  ne- 
ceflfary,  it  is  not  in  itfelf  fufficient  to  keep 
up  thefe  fundtions  without  refpiration :  for 
if  heat  be  applied  to  the  living  body,  when 

H  3  the 


(a)  Flora  Siberica,  prasfat.  p.  72. 
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the  different  functions  are  fufpended,  none 
of  them  will  he  recovered,  until  the  re- 
fpiration  be  eftablifhed ;  and  the  refpira- 
tion  is  not  always  eftablifhed  in  this  ftate, 
in  confequence  of  the  application  of  heat, 
but  often  requires  artificial  afiiftance (a). 
(See  the  Experiments  with  the  amphibious 
animals  in  the  Fourth  Section.) 

Since,  then,  the  prefence  of  heat  in  the 
living  body  is  not  in  itfelf  fufiicient  to  keep 
up  the  different  funftions  without  refpira- 
tion,  the  heat  muft  not  be  regarded  as  the 

whole 


(a)  No  one  can  deny  that  the  refpiration  is  Some¬ 
times  eftablifhed  in  this  ftate,  in  confequence  of  the 
application  of  heat.  Reaumur  mentions  a  cafe  of 
this  difeafe,  where  a  perfon  was  recovered,  only  by 
being  expofed  to  the  rays  of  the  Sun  :  and  Nature 
Seems  to  employ  the  fame  means  to  recover  the 
hybernating  animals  from  their  torpor,  a  ftate  very 
Similar  to  this  difeafe. 
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whole  caufe  of  the  continuance  of  thefe 
functions,  but  rather  as  putting  the  body 
in  a  condition  to  produce  them,  when  the 
effects  of  refpiration  are  exerted  upon  it. 
And  hence,  when  the  natural  temperature 
is  confiderably  diminifhed  in  this  difeafe, 
the  body  is  deprived  of  a  condition  indif- 
penfably  neceffary  to  favour  the  operation 
of  refpiration  in  refloring  the  fundtions  of 
health. 


From  the  wa nt  of  refpiration  the  heart 
ceafes  to  contradt ;  becaufe  the  blood,  which 
paffes  through  the  lungs,  is  an  infufficient 
ftimulus  to  it  $  and  the  heart  ceafing  to 


contract,  all  the  other  fundtions  are  fuf- 
pended.  But  if  the  temperature  and  refpi¬ 
ration  be  refdored  to  the  body  foon  after 
the  ceffation  of  the  heart,  the  natural  con- 
tradlions  will  be  renewed,  and  all  the  other 
fundtions  recovered.  And  fmce  the  con- 

II  4  tradtions 


[  I04  ] 

traCtions  are  renewed  by  the  application  of 
the  ordinary  ftimulus,  the  heart  retains  that 

j  7 

principle  (a),  which  is  the  immediate  caufe 
of  its  contractions,  even,  after  all  the  other 
functions  are  fufpended. 

% 

But  if  we  attempt  to  reftore  the  tempe¬ 
rature  and  refpiration  to  the  body  a  con- 
fiderable  time  after  the  ceffation  of  the 
heart,  its  contractions  will  not  be  renewed, 
nor  will  any  of  the  functions  be  recovered  : 
and  when  the  contractions  are  not  renewed 
by  the  application  of  the  ordinary  ftimulus, 
the  heart  has  loft  that  principle,  which  is 
the  immediate  caufe  of  its  contractions, 
and  we  have  no  means  of  reftoring  it. 

From  thefe  facts  it  is  evident,  ift.  That 
the  heart  is  the  great  feat  of  the  principle 


(<7)  The  principle  of  life. 
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of  life  in  afl  the '  more  perfect  animals  * 
2dly,  That  the  contraction  (a)  of  the  heart 
with  the  ordinary  ftimulus  is  the  only  mark 
of  the  prefence  of  this  principle ;  and  when 
the  heart  contracts  under  thefe  circum- 
ftances,  the  body  is  alive ;  but  when  it  does 
not  contract  under  thefe  circumftances,  the 
body  is  dead :  Life  in  the  more  perfeCt  ani¬ 
mals  may  therefore  be  defined,  The  faculty 
of  propelling  the  fluids  through  the  circu¬ 
lating  fyftem . 

And  whenever  the  functions  of  an  ani¬ 
mal  are  fuddenly  fufpended,  and  the  body 
puts  on  the  appearance  of  death,  it  is  al¬ 
ways  in  our  power  to  determine  whether  it 
be  really  dead,  by  reftoring  the  temperature, 

and 


(a)  That  a£tion  of  the  heart,  by  which  it  exerts 
the  ordinary  force  to  propel  the  blood  along  the 
circulating  fyftem. 
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and  by  inflating  the  lungs  with  proper  air. 
But,  to  render  the  decifion  complete,  it  * 
will  be  neceflfary  to  regulate  their  applica¬ 
tion  by  a  particular  attention  to  the  ftate 
of  the  lungs,  and  to  the  immediate  objedt 
of  refpiration.  Thefe  fhall  be  confldered 
in  the  next  Sedtion. 


SECTION 
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SECTION  VII, 


To  determine  the  beji  Means  of  curing  the 


i tea. e. 


1  HE  means  of  curing  this  difeafe  are  fo 
much  anticipated  in  different  parts  of  this 
JEffay,  that  nothing  remains  to  be  added 
here,  but  a  few  obfervations  on  the  manner 
of  conducting  the  application  of  them. 


To  recover  the  fufpended  functions,  we 

v. 

muft  renew  the  contractions  of  the  heart; 
(fee  SeCtion  the  Fourth ;)  and  this  can  be 
done  by  restoring  to  the  body  its  heat  and 
refpiration  :  (fee  SeCtion  the  Sixth.) 


In  every  cafe  therefore  of  this  difeafe, 
the  only  objeCt  in  the  cure  is  to  excite  the 

contractions 
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I 


contractions  of  the  heart ;  and  the  only 
means  neceflary  to  be  employed  are  the 

application  of  heat  to  the  body,  and  air  to 

\ 

the  lungs  :  but  as  the  operation  of  thefe 
powers  will  be  more  or  lefs  effectual,  in 
proportion  as  they  are  regulated  by  a  regard 
to  the  circumftances  of  the  body,  it  will 
be  neceflary  to  deliver  feme  particular  direc¬ 
tions  for  the  application  of  them. 

When  we  attend  a  perfon  in  this  difeafe, 
the  firfl:  buflnefs  is  to  examine  the  tempera¬ 
ture  of  the  body,  and,  if  it  be  confiderably 

below  98°,  to  order  the  application  of  heat : 

\ 

but,  fince  the  fcale  of  heat  is  fo  very  exten- 
live,  it  is  neceflary  to  determine  the  degrees 
of  it  bell  calculated  to  promote  the  reco¬ 
very. 

It  is  generally  known  from  feveral  fami¬ 
liar  fails,  that  whilA  the  circulation  of  the 

blood 
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♦ 

blood  continues,  the  temperature  of  the 
body  may  be  raifed  many  degrees  above  the 
natural  ftandard  without  deftroying  the 
principle  of  life  :  but  it  appears  on  the 
other  hand,  from  the  refult  of  many  at¬ 
tempts  to  recover  the  hybernating  animals 
from  their  torpor,  that  when  the  circula¬ 
tion  of  the  blood  has  ceafed,  and  the  tem¬ 
perature  of  the  body  is  reduced  near  the 
freezing  point,  if  heat  be  applied  either  very 
fuddenly,  or  in  a  very  high  degree,  the  prin¬ 
ciple  of  life  is  foon  deftroyeci ;  whereas,  if 
it  be  applied  gradually,  and  in  a  very  low 
degree,  to  the  fame  animals  in  the  fame 
cifcumftances,  the  principle  of  life  is  often 
excited  to  adtion,  and  the  fundtions  are  foon 
reftored. 

The  effedts  of  heat  therefore  are  ex¬ 
tremely  different  in  different  hates  of  health 
and  difeafe :  and  the  greateft  caution  is 

required 


ITC 


required  in  deducing  any  inference  from 

analogy  to  regulate  the  application  of  it  as 


But  fince  the  condition  of  the  body  in 
this  difeafe  is  nearly  the  fame  as  in  the  ftate 
of  torpor,  and  fince  the  progreffion  of  the 
recovery  is  alfo  the  fame ;  it  can  fcarcely  be 
unfafe  to  conclude,  that  heat  will  produce 
the  fame  effects  on  the  body  in  this  difeafe, 
as  in  the  torpid  animals. 

To  favour  the  recovery  then  mo  ft  effec¬ 
tually,  the  application  of  heat  fhouid  be 
conducted  on  the  fame  plan,  which  Nature 
has  pointed  out  for  the  torpid  animals.  It 
fhouid  be  applied  very  gradually  and  uni¬ 
formly  ;  and  it  may  be  raifed  to  98°,  but 
not  further  than  ioo°. 

When  the  body  is  warmed  uniformly  * 
and  the  heat  of  the  interior  parts  about  98°, 

we 


t 
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we  direCt  our  attention  to  the  Hate  of  the 
thorax;  and  if  the  patient  make  no  at¬ 
tempt  to  infpire,  we  proceed  to  inflate  the 
lungs  with  air. 

When  a  perfon  is  in  health*  the  objeCt 
of  refpiration  is  to  change  the  quality  of 
the  blood  paffing  through  the  pulmonary 
veflels,  and  to  fit  it  to  excite  the  contrac¬ 
tion  of  the  left  ventricle  of  the  heart :  but 
in  this  difeafe  the  pulmonary  veins*  the 
finus  venofus*  and  auricle*  contain  a  quan¬ 
tity  of  blood*  which  has  pafled  through  the 
lungs  without  undergoing  this  necefiary 
change  :  the  firfi:  objeCt  therefore  in  in¬ 
flating  the  lungs  is  to  change  the  quality 
of  the  blood  in  the  trunks  of  the  pulmo¬ 
nary  veins,  finus  venofus*  and  auricle,  to  fit 
it  for  exciting  their  contractions.  This 
mu  ft  be  done  by  introducing  the  air  fo  deep 
into  the  lungs,  that  it  may  exert  a  chymical 
adtion  on  the  blood  in  thefe  cavities. 


For 
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For  this  purpofe,  a  great  quantity  of  air 
mu  ft  be  introduced  at  each  inflation  ;  for  if 
only  12  cubic  inches  be  injected  at  a  time* 
this  fmall  quantity  will  occupy  the  larger 
branches  of  the  trachea,  and  confequently 
only  a  fmall  number  of  the  pulmonary  vef- 
fels  will  be  expofed  to  its  action :  but  if  a 
much  greater  quantity  of  air  be  forced  in  at 
each  time,  fome  of  it  will  pafs  into  all  the 
more  remote  cells ;  and  when  they  are  thus 
uniformly  diftended,  the  pulmonary  veins, 
the  finus  venofus,  and  left  auricle,  will  be 
expofed  as  much  as  pofiible  to  its  adtion, 
and  fome  of  the  altered  blood  may  be  forced 
into  them  from,  the  fmaller  veflels. 

On  this  account  we  fliould  introduce 
upwards  of  ioo  cubic  inches  of  air  into 
the  Jungs  of  an  adult  at  each  inflation  (#), 

and 

(t?)  This  dire&ion  is  further  confirmed  by  the 
circumftances  of  fpontaneous  recoveries  from  ait 
ordinary  Syncope  :  the  firft  infpiration  is  generally 
very  full. 

•  Nr- 
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rind  it  muft  be  carefully  drawn  out  again 
before  more  be  introduced „ 

But  one  difficulty  ftill  remains :  there  is 
fometimes  a  quantity  of  water  infinuated 
into  the  fmall  branches  of  the  trachea,  and 
into  the  air-cells ,  (fee  the  Second  Seftion  ;) 

i 

and  if  the  lungs  be  inflated  in  this  ftate, 
the  water  will  occupy  thofe  places  where 
the  frefh  air  is  principally  required :  and 
although  the  lungs  be  inflated  with  the 
utmoft  care  and  attention,  it  may  be  im- 
poflible,  on  this  account,  to  apply  the  frefh 
air,  fufficiently  near  the  finus  venofus  and 
left  auricle,  to  change  the  quality  of  the 
blood  they  contain  (a)  :  in  all  cafes,  there¬ 
fore,  wheie  the  quantity  of  water  is  con- 

flderable. 


(«)  I  think  I  have  feen  this  opinion  verified  fome- 
times  in  young  animals,  where  the  lungs  contained 
a  confiderable  quantity  of  froth  after  fubmerlion  : 

I  if 
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fiderable,  we  mud  remove  fome  of  it,  before 
the  air  is  introduced.  Sometimes  a  fmall 
portion  of  it  will  pafs  out  by  its  own  gra¬ 
vity,  when  the  head  is  reclined ;  and  ftill 
more  may  perhaps  be  taken  away  by  an 
inftrument  fo  contrived,  on  the  principles 
of  the  pump,  as  to  exhauft  the  lungs  of  a 
part  of  their  contents. 

For  this  purpofe,  I  propofe  the  inftru- 
ment  ABODE,  The  brafs  cylinder  A  B 

contains 


If  I  inflated  them  fully  in  this  ftate,  the  colour  of 
the  blood  in  the  Anus  venofus  and  left  auricle  was 
not  apparently  changed,  and  the  heart  did  not  renew 
its  contractions,  although  it  Hill  retained  the  faculty 
of  contraction.  Some  limilar  caies  are  mentioned, 
by  the  Dutch  writers,  in  the  human  fubjeCt  after 
fubmerflon.  The  perfons  infpired  feveral  times  of 
themfelves,  but  ftill  they  did  not  recover ;  and  this 
failure  may  perhaps  be  accounted  for  in  the  fame 


manner. 
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contains  ioo  cubic  inches  of  air,  and  com- 
municates  with  the  atmofphere  by  the  fmall 
circular  opening  a.  The  pifton  D  E  is  of 
wood,  and  lined  with  a  foft  fubftance  at 
the  bottom  E,  fo  as  to  be  air-tight.  The 
two  openings  d>  b>  are  to  allow  the  air  to 
efcape,  when  the  pifton  is  drawn  higher 
than  the  circular  opening  a *  The  tube  C 
is  for  the  attachment  of  a  fmaller  one,  to 
be  inferted  into  the  nofe,  larynx,  or  tra¬ 
chea  (<z)» 

If  the  lungs  are  to  be  inflated,  the  extre¬ 
mity  of  the  fmall  tube  rauft  be  inferted  into 
one  of  the  aerial  paflages,  and  the  others 

I  2  properly 


(a)  I  am  favoured  with  this  inflrument  by  Dr* 
Nooth,  a  Gentleman  diflinguifhed  as  much  for  libe¬ 
rality  as  genius,  to  whom  the  Arts  are  indebted  for 
feveral  valuable  inventions,  which  are  commonly 
attributed  to  others. 
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properly  fhut.  The  pifton  being  drawn  up> 
and  the  orifice  a  clofed  with  the  finger, 
we  prefs  down  the  pifton,  and  force  the 
contents  of  the  cylinder  into  the  lungs. 
A  few  feconds  after,  we  draw  up  the  pifton, 
and  the  air  pafles  from  the  lungs  into  the 
cylinder  again.  Then  we  remove  the  finger 
from  the  orifice  a,  prefs  down  the  pifton, 
and  the  greater  part  of  this  expired  air 

efcapes  into  the  atmofphere.  After  this, 
we  draw  up  the  pifton  a  fecond  time,  while 
the  orifice  a  continues  open,  and  a  volume 
of  frefh  air  enters  into  the  cylinder,  which 
may  be  forced  into  the  lungs  in  the  fame 
manner. 

But  where  it  is  neceffary  to  extradl  water 
from  the  lungs  before  the  inflation,  we  be¬ 
gin  the  procefs  with  the  pifton  down ;  and 
when  the  fmall  tube  is  inferted,  as  betore, 

we  draw  up  the  pifton,  until  the  lower  part 

E  is. 


I 


t 
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E  is  contiguous  to  the  orifice  a:  the  water 
will  then  rife  up  from  the  lungs  into  the 
fauces,  or  cylinder.  If  the  water  rife  into 
the  cylinder,  it  may  be  evacuated  by  de¬ 
taching  the  tube  C  from  its  connexion  with 
the  fmaller  tube  :  and  this  may  be  repeated 
once  or  twice ;  but  always  with  great  cau¬ 
tion,  left  the  pulmonary  veflels  be  injured. 
Then  we  proceed  to  inflate  the  lungs  in  the 
manner  juft  defcribed  (a). 

If 


(a)  Other  machines  have  been  lately  propofed  to 
inflate  the  lungs  in  this  difeafe,  and  particularly 
one  by  Mr.  Kite  of  Gravefend,  and  another  by 
Mr.  Hurlock  of  St.  Paul’s  Church-yard  ;  two  bur¬ 
geons  of  conflderable  eminence  and  refpedlability. 
I  have  not  yet  employed  thefe  machines  on  animals, 
but  am  informed,  that  they  are  extremely  well  cal¬ 
culated  for  the  purpofe.  It  appears,  however,  that 
they  are  encumbered  with  valves ;  and  in  the  choice 
of  an  inftrument  for  a  buflnefs  of  this  kind,  which 
is  fometimes  trufled  to  the  awkward  and  ignorant 

I  3  part 
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If  the  inflations  be  continued  carefully  and 
llowly  for  feveral  minutes  in  this  manner, 
the  contractions  of  the  heart  will  be  gra¬ 
dually  renewed,  and  the  other  functions 
will  foon  return,  without  any  other  mcon- 

I  f  4. 

venience  than  a  difficult  and  fterterous  re- 
fpiration,  which  often  continues  a  ihort 
time  afterward:  this  inconvenience  aiifes 
from  fome  water  ftill  remaining  in  the  lungs, 
which  will  be  gradually  evaporated  by  the 
expired  air. 

In  fituations  where  dephlogifticated  air 

can  be  procured  to  inflate  the  lungs,  it 

ffiould 


part  of  mankind,  I  fhould  be  difpofed  to  prefer  the 
moil  fimple,  where  there  are  neither  valves,  nor  flop- 
cocks,  and  where  the  quantity  of  air  to  be  inje&ed 
is  clearly  meafured  :  but  the  value  of  thefe  different 
inftruments  mull  be  determined  by  future  expe* 
pence. 


I 
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fhould  be  always  preferred  to  atmofpheric 
air.  I  have  employed  it  in  feveral  inflances 
in  the  fmaller  animals,  and  the  recovery 
was  commonly  more  expeditious  than  where 
atmofpheric  air  was  ufed ;  but  I  have  not 
yet  been  able  to  recover  an  animal  with 
dephlogiflicated  air,  where  good  atmofphe¬ 
ric  air  had  been  ineffectual. 


Several  other  remedies  have  been  recom¬ 
mended  for  this  difeafe  by  different  writers, 
and  many  of  them  are  faid  to  have  been 
employed  with  fuccefs  j  but  as  the  circum- 
ftances  of  their  application,  and  the  pro- 
greffive  changes  in  the  body,  are  not  mi¬ 
nutely  detailed,  nothing  can  yet  be  faid  to 
be  determined  in  favour  of  their  particular 
efficacy.  If  indeed  we  were  to  judge  of 
them  from  the  hiftory  of  their  introduction, 
or  from  their  ordinary  operation  on  living 
bodies,  little  affiftance  would  be  expeCted 
from  them. 

I  4 


Some 
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* 

Some  of  them  were  fuggefted  from  a  falfe 
notion  of  the  nature  of  thedifeafe  [a)  -  others, 
from  a  miftaken  opinion  of  the  principal 
feat  of  life  (b) ;  and  fome,  from  an  ignorance 
of  the  moil  effectual  means  to  folicit  the 
principle  of  life  into  adtion  (c)  :  and  none 

of 


(<3)  Bleeding,  fridion,  and  fuccuftion.  See  Me- 
moires  fur  les  Noyes,  &c.  par  Monf.  Louis  Neder - 
landlfche  faarboeken,  April  1758.  Dlffertatlo  de  Syn¬ 
cope,  Audi  ore  Idler  on.  j fueye. 

(£)  The  application  of  different  fubftances  to  the 
fkin,  the  ftomach,  the  inteftines,  the  parts  of  gene- 
ration,  the  nofe,  the  fauces,  the  extremities  of  the 

*  '  y  l 

fingers,  he.  Differ tatio  de  Caufd  Mortis  Submcr forum, 
Audi.  Jacob  Gummer. 

(r)  The  employment  of  electricity,  alcohol,  vo¬ 
latile  alkali,  tobacco,  effential  oils,  and  all  the  acrid 

>  '  ■  ...  -  ■  ,  ■ 

and  Simulating  fubftances. 

fa,  .  ..  •  - 

Trad.  Ifnard.  pag.  13.  Obf.  5. 

Ranchinus  in  Trad,  de  Morb.  fubit.  Cap.  12. 
,/Elius  in  Tetrab.  Cap.  49. 

Le  Voyage  d’Acadie,  pag.  190. 
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of  them  appear  fitted  to  excite  the  natural 
contractions  of  the  heart  by  direCt  agency : 
but  fince  they  are  now  introduced  into 
practice  on  the  authority  of  feveral  learned 
focieties,  experiment  alone  ought  to  decide 
concerning  their  efficacy. 

In  the  cafes  recorded  of  their  fuccefsful 
application  the  bodies  were  warmed :  now 
it  has  been  fhown  in  the  Sixth  SeCtion, 
that  the  prefence  of  heat  alone  is  often  fuf- 
ficient  to  produce  a  recovery;  and  there¬ 
fore,  whilft  the  remedies  are  applied  under 
thefe  circumftances,  the  fuccefs  cannot  with 
propriety  be  attributed  to  their  operation  : 
and  if  they  be  applied  when  the  tempera¬ 
ture  of  the  body  is  fo  low,  that  warmth 
cannot  be  fuppofed  to  contribute  to  the 
recovery,  it  is  known  from  experiment, 
that  no  fenfible  change  will  be  produced  : 
the  concurrence  of  heat  is  therefore  necef- 
fary  to  their  fuccefs. 


Still, 
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’  Still,  however,  it  may  be  fuppofed,  that 
the  concurrence  of  refpiration  is  not  necef- 
{ary. 

But  this  may  be  determined  by  applying 
thefe  remedies  in  conjunction  with  heat, 
by  attending  to  the  progreffive  changes  in 
the  body  during  their  fuccefsful  application, 
and  by  obferving  if  the  other  functions 
return  before  the  refpiration  be  renewed. 

i 

I  applied  thefe  remedies  fingly  to  feveral 
animals  under  thefe  circumftances,  and 
attended  carefully  to  the  progreffive  changes 
in  the  body  :  fome  of  them  were  recovered, 
and  others  were  not  j  and  in  all  the  fuccefs¬ 
ful  cafes  the  progreffion  of  the  recovery  was 
as  follows.  The  organs  of  refpiration  be¬ 
gan  firft  to  move,  two  or  three  infpirations 
followed ;  the  contractions  of  the  heart  were 
gradually  renewed,  and  then  the  other  func¬ 
tions  followed. 


In 


In  thefe  cafes  it  appears,  that  thefe  reme¬ 
dies  were  not  often  attended  with  fuccefs $ 
and  even  when  they  were  fo,  the  other 
fundions  did  not  return  until  refpira- 
tion  began :  the  concurrence  of  refpiration 
is  therefore  neceffary  to  their  fuccefs ;  and 
if  it  could  be  granted,  that  they  entirely, 
or  even  in  part,  occafioned  the  recovery  in 
thefe  cafes,  it  muft  evidently  be  by  ope¬ 
rating  on  the  organs  of  refpiration,  by 
exciting  them  to  addon,  by  producing  an 
infpiration,  and  applying  to  the  heart  its 
natural  ftimulus ;  thus  inducing  it  to  con- 
trad,  and  to  reftore  the  fufpended  func¬ 
tions. 

Hence,  if  we  allow  to  thefe  remedies  all 
the  efficacy  that  partiality  can  claim,  it  can 
only  be  faid,  that  they  fometimes  produce 
by  indired  means,  what  may  be  always  done 
diredly  by  the  method  we  have  recom¬ 
mended  ;  furely  then  we  ought  not  to 

hefitate 
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hefitate  in  preferring  a  remedy  which  can 
be  applied  diredtly,  and  which  operates  with 
certainty  and  expedition,  to  one  that  is 
flow,  indirect,  and  uncertain., 

In  fltuations,  indeed,  where  the  means  of 
artificial  inflation  cannot  be  immediately 
procured,  thefe  remedies  may  be  employed 
for  the  moment ;  but  every  perfon  ought  to 
be  apprifed  of  their  infufficiency,  and  of 
the  necefiity  of  employing  artificial  infla¬ 
tion,  even  after  their  application  has  failed. 

Haller  mentions  a  cafe,  where  the  ordi¬ 
nary  remedies  had  been  employed  an  hour 
without  any  fenfible  effedt,  and  yet  by  in¬ 
flating  the  lungs  the  patient  was  quickly 
recovered  (a) ;  and  I  have  often  feen  the 

fmaller 

i 

(a)  Difputat.  ad  Morb.  curand.  et  Hilt,  pertinent, 
tom.  vi.  pag.  318. 
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fmaller  animals  recovered  by  inflation,  after 
the  other  remedies  had  failed. 

Notwithftanding  thefe  fads  and  con- 
clufions,  fome  practitioners  may  be  fill 
difpofed  to  think  with  the  ancients.  With 
fuch,  authority  will  he  more  powerful  than 
argument ;  yet,  fince  thofe  who  will  not  be 
ihaken  by  the  labour  of  youth,  may  fome- 
times  yield  to  the  judgement  of  age,  we 
fn  all  venture  to  add  refs  them  in  the  lan¬ 
guage  of  the  candid  Sydenham. 

Atque  hoc  mihi,  fuffragante  experientia 
multiplici,  compertiffimum  eft :  experi- 
entia,  inquam,  optima  duce,  et  magiftra, 
“  ad  cujus  leges  et  norm  am  nili  exerceatur 
£<  Medicina,  earn  prorfus  exulare  fatius  eftet ; 
luditur  enirn  (quod  aiunt),  de  corio  hu- 
mano  plus  fatis,  cum  hinc  empiric],  ne- 
que  morborum  hiftoriam,  nec  methodum 

tc  medendi 
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“  medendi  callentes,  et  receptis  tantum 
“  freti ;  ifthinc  Sciolorum  vaniffimi  fpem 
“  omnem  in  affedato  artis  ambitu,  et  fpe- 
“  culationibus  utrinque  pari  fere  momento 
difceptatis  ponentes.  Ea  demum  Praxis, 
“  eaque  fola  aegris  mortalibus  opem  feret, 
“  quae  indicationes  curativas  ex  ipfis  mor« 
“  borum  phaenominis  elicit,  dein  firmat 
“  experientia,  quibus  gradibus  magnus  Flip* 
(e  pocrates  ad  ccelum  afcenditf5 
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